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A solid-state image pickup device according to one embodi 
ment of the present invention includes: a first substrate 
including first pixels arranged in a matrix; and a second 
substrate electrically coupled to the first substrate and includ 
ing second pixels arranged in a matrix. The first pixel includ 
ingaphotoelectric conversion element configured to generate 
a color signal corresponding to an m-th color is the first pixel 
corresponding to the m-th color where m is an integer equal to 
one of 1 to n. The second pixel including the signal storing 
circuit configured to store the color signal corresponding to 
the m-th color is the second pixel corresponding to the m-th 
color. At least two second pixels of the second pixels corre 
sponding to the same color are arranged in the same column 
on the second Substrate. 
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by transfer pulses supplied from the control circuit 209 via the 
transfer wires 227A, 227B, 227C, and 227D. The charge 
retention unit FD constitutes an input unit of the amplifier 
transistor 224. The charge retention unit FD is a floating 
diffusion capacitor that temporarily stores the signal charge 
transferred from the photoelectric conversion elements 221A, 
221B, 221C, and 221D. 
The reset transistor 223 is a transistor that resets the charge 

retention unit FD. The reset transistor 223 is on/off controlled 
by the reset pulse supplied from the control circuit 209 via the 
reset wire 228. It is also possible to simultaneously turn on the 
reset transistor 223 and the transfer transistors 222A, 222B, 
222C, and 222D, thereby resetting the photoelectric conver 
sion elements 221A, 221B, 221C, and 221D. 
The amplifier transistor 224 is a transistor that amplifies a 

signal based on the signal charge stored in the charge reten 
tion unit FD and outputs the amplified signal from the source 
thereof. The activating transistor 225 and the injection tran 
sistor 230 are transistors that supply to the amplifier transistor 
224, a current that drives the amplifier transistor 224. The 
activating transistor 225 is on/off controlled by an activation 
pulse supplied from the control circuit 209 via the activation 
wire 229. The injection transistor 230 is on/off controlled by 
an injection pulse supplied from the control circuit 209 via an 
injection wire 231. 
The photoelectric conversion elements 221A, 221B, 221C, 

and 221D; the transfer transistors 222A, 222B, 222C, and 
222D; the reset transistor 223; the amplifier transistor 224; 
the activating transistor 225; and the injection transistor 230 
constitute the one pixel cell 207 including four pixels. 

Hereinafter, operation of the pixel cell 207 is explained 
with reference to FIG. 18. Firstly, an injection pulse Pn1 is 
applied to the injection transistor 230 via the injection wire 
231, thereby turning on the injection transistor 230. Thus, the 
voltage of the output terminal 226 is fixed to OV. Then, a reset 
pulse Pris applied to the reset transistor 223 via the reset wire 
228, thereby turning on the reset transistor 223. Thus, the 
voltage of the charge retention unit FD is reset to a high level 
(power voltage). When the voltage of the charge retention unit 
FD becomes high level, the amplifier transistor 224 turns on. 
Then, the application of the injection pulse Pn1 is released, 
thereby turning off the injection transistor 230. Then, an 
activation pulse Pk1 is applied to the activating transistor 225 
via the activation wire 229, thereby turning on the activating 
transistor 225. As a result of the activating transistor 225 
turning on, the Voltage of the output terminal 226 increases up 
to the Voltage corresponding to the Voltage of the charge 
retention unit FD. The voltage of the output terminal 226 at 
that time is referred to as the reset level. 

Then, the application of the activation pulse Pk1 is 
released, thereby turning off the activating transistor 225. 
Then, a transfer pulse Pt1 is applied to the transfer transistor 
222A via the transfer wire 227A, thereby turning on the 
transfer transistor 222A. Thus, the signal charge of the cor 
responding photoelectric conversion element 221A is trans 
ferred to the charge retention unit FD. Then, an injection 
pulse Pn2 is applied to the injection transistor 230 via the 
injection wire 231, thereby turning on the injection transistor 
230. Thus, the voltage of the output terminal 226 becomes OV. 
Then, an activation pulse Pk2 is applied to the activating 
transistor 225 via the activation wire 229, thereby turning on 
the activating transistor 225. Thus, the voltage of the output 
terminal 226 increases up to the Voltage corresponding to the 
voltage of the charge retention unit FD. The voltage of the 
output terminal 226 at that time is referred to as the signal 
level. 
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4 
The signal based on the voltage of the output terminal 226 

is input to the second substrate 202 via the micro bumps 205. 
The difference between the signal level and the reset level is 
detected in the second Substrate 202, and an analog signal 
based on that difference is converted into a digital signal. 
Then, the digital signal is subjected to demultiplexing and 
then is stored in a memory. Thus, those digital signals are 
sequentially output from the Solid-state image pickup device. 
Here, the explanation has been made with respect to the case 
where a signal is read from the photoelectric conversion ele 
ment 221A which is one of the four photoelectric conversion 
elements 221A, 221B, 221C, and 221D. A similar operation 
is sequentially performed with respect to the other three pho 
toelectric conversion elements 221B, 221C, and 221D. 
By the above operation, exposing timings of the photoelec 

tric conversion elements 221A, 221B, 221C, and 221D, 
which slightly differ thereamong, are substantially synchro 
nized in a display, thereby achieving synchronization of the 
upper and lower portions of the pixel unit 208. Therefore, it is 
possible to increase the image processing speed without caus 
ing degradation of image quality at the time of reading sig 
nals. 

In the aforementioned related art, although the exposing 
timings of the photoelectric conversion elements 221A, 
221B, 221C, and 221D slightly differ thereamong, the expos 
ing timings are Substantially synchronized in the display, 
thereby achieving synchronization of the upper and lower 
portions of the pixel unit 208. To achieve the synchronization 
of the exposure, the Solid-state image pickup device of the 
aforementioned related art includes: an AD conversion circuit 
that converts the analog signal output from the pixel to the 
digital signal; and the memory that stores the digital signals 
identical in number to photoelectric conversion elements. 

It is assumed that operation by a mode that displays live 
view images on a viewfinder and operation by a mode that 
records motion images for HDTV require at least 60 frames 
per second, and 120 frames per second in some cases. Along 
with the high pixelation of digital cameras in recent years, 
many reading circuits have to operate in parallel in order to 
read signals from all the pixels at high frame rate, thereby 
causing an increase in chip area and power consumption, 
therefore making the implementation very difficult. 
On the other hand, the live view image display and the 

HDTV motion picture mode do not require a large number of 
pixels, such as 12,000,000 or 16,000,000. For this reason, a 
mode that Subsamples the pixels at the time of reading the 
signals can be considered. However, the Subsampling causes 
moire fringes, and thereby resulting in deterioration of image 
quality. 

Further, there is a solid-state image pickup device that 
reads out pixel signals from multiple channels. For example, 
FIG. 11 of Japanese Patent Laid-Open Publication No. 2003 
259227 illustrates a solid-state image pickup device that reads 
out pixel signals from two channels. The Solid-state image 
pickup device includes a channel for reading pixel signals 
from pixels in odd-numbered columns and a channel for 
reading signals from pixels in even-numbered columns. 

In a case where pixel signals are read using two channels in 
a solid-state image pickup device having Bayer arrangement 
defined by four pixels corresponding to colors of red (R), 
green (Gr, Gb), and blue (B), a pixel signal corresponding to 
R and a pixel signal corresponding to B are read using the 
same channel. However, a pixel signal corresponding to Gr 
and a pixel signal corresponding to Gb are read using differ 
ent channels. For this reason, a variation in properties of 
amplifiers provided for the respective channels or the like 
causes a variation to occur between the pixel signal corre 
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sponding to Grand the pixel signal corresponding to Gb 
though Grand Gb are the same color. For example, in a case 
where a gain of an amplifier provided for the channel for 
reading the pixel signal corresponding to Gr differs from a 
gain of the amplifier provided for the channel for reading the 
pixel signal corresponding to Gib, due to the above variation in 
the properties of the amplifiers, the pixel signal correspond 
ing to Grand the pixel signal corresponding to Gib, which are 
Supposed to be amplified at the same gain, are amplified at 
different gains. Thereby, longitudinal stripes are included in 
an image formed by the pixel signals read. 

SUMMARY 

A solid-state image pickup device according to one 
embodiment of the present invention includes, but is not 
limited to: a first substrate including a plurality of first pixels 
arranged in a matrix, each of the first pixels including a 
photoelectric conversion element configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and a second 
substrate electrically coupled to the first substrate, the second 
Substrate including a plurality of second pixels arranged in a 
matrix, and each of the second pixels including: a signal 
storing circuit configured to store the color signal generated 
by the photoelectric conversion element; and an output circuit 
configured to output from the second pixel to an external unit, 
the color signal stored in the signal storing circuit. The first 
pixel including the photoelectric conversion element config 
ured to generate the color signal corresponding to an m-th 
color is the first pixel corresponding to the m-th color where 
m is an integer equal to one of 1 to n. The second pixel 
including the signal storing circuit configured to store the 
color signal corresponding to the m-th color is the second 
pixel corresponding to the m-th color. At least two second 
pixels of the second pixels corresponding to the same color 
are arranged in the same column on the second Substrate. 
A solid-state image pickup device according to another 

embodiment of the present invention includes, but is not 
limited to: a first substrate including a plurality of first pixels 
arranged in a matrix, each of the first pixels including a 
photoelectric conversion element configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and a second 
substrate electrically coupled to the first substrate, the second 
Substrate including a plurality of second pixels arranged in a 
matrix, and each of the second pixels including: a signal 
storing circuit configured to store the color signal generated 
by the photoelectric conversion element; and an output circuit 
configured to output from the second pixel to an external unit, 
the color signal stored in the signal storing circuit. The first 
pixel including the photoelectric conversion element config 
ured to generate the color signal corresponding to an m-th 
color is the first pixel corresponding to the m-th color where 
m is an integer equal to one of 1 to n. The second pixel 
including the signal storing circuit configured to store the 
color signal corresponding to the m-th color is the second 
pixel corresponding to the m-th color. An arrangement of 
colors corresponding to the first pixels differs from an 
arrangement of colors corresponding to the second pixels. 
A solid-state image pickup device according to another 

embodiment of the present invention includes, but is not 
limited to: a first substrate including a plurality of first pixels 
arranged in a matrix, each of the first pixels including a 
photoelectric conversion element configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and a second 
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6 
substrate electrically coupled to the first substrate, the second 
Substrate including: a plurality of second pixels arranged in a 
matrix; and a vertical signal line provided for each column, 
and each of the second pixels including: a signal storing 
circuit coupled to the vertical signal line, the signal storing 
circuit being configured to store the color signal generated by 
the photoelectric conversion element; and an output circuit 
configured to output from the second pixel to an external unit, 
the color signal stored in the signal storing circuit. The first 
pixel including the photoelectric conversion element config 
ured to generate the color signal corresponding to an m-th 
color is the first pixel corresponding to the m-th color where 
m is an integer equal to one of 1 to n. The color signal 
generated by the photoelectric conversion element included 
in one of the first pixels corresponding to the same color is 
stored in a corresponding one of the signal storing circuits 
coupled to the same vertical signal line. 
An image pickup device according to another embodiment 

of the present invention includes, but is not limited to: a first 
Substrate including a plurality of first pixels arranged in a 
matrix, each of the first pixels including a photoelectric con 
version element configured to generate a color signal corre 
sponding to one of first to n-th colors where n is an integer 
equal to or greater than two; and a second Substrate electri 
cally coupled to the first substrate, the second substrate 
including a plurality of second pixels arranged in a matrix, 
and each of the second pixels including: a signal storing 
circuit configured to store the color signal generated by the 
photoelectric conversion element; and an output circuit con 
figured to output from the second pixel to an external unit, the 
color signal stored in the signal storing circuit. The first pixel 
including the photoelectric conversion element configured to 
generate the color signal corresponding to an m-th color is the 
first pixel corresponding to the m-th color where m is an 
integer equal to one of 1 to n. The second pixel including the 
signal storing circuit configured to store the color signal cor 
responding to the m-th color is the second pixel correspond 
ing to the m-th color. At least two second pixels of the second 
pixels corresponding to the same color are arranged in the 
same column on the second Substrate. 
An image pickup device according to another embodiment 

of the present invention includes, but is not limited to: a first 
Substrate including a plurality of first pixels arranged in a 
matrix, each of the first pixels including a photoelectric con 
version element configured to generate a color signal corre 
sponding to one of first to n-th colors where n is an integer 
equal to or greater than two; and a second Substrate electri 
cally coupled to the first substrate, the second substrate 
including a plurality of second pixels arranged in a matrix, 
and each of second pixels including: a signal storing circuit 
configured to store the color signal generated by the photo 
electric conversion element; and an output circuit configured 
to output from the second pixel to an external unit, the color 
signal stored in the signal storing circuit. The first pixel 
including the photoelectric conversion element configured to 
generate the color signal corresponding to an m-th color is the 
first pixel corresponding to the m-th color where m is an 
integer equal to one of 1 to n. The second pixel including the 
signal storing circuit configured to store the color signal cor 
responding to the m-th color is the second pixel correspond 
ing to the m-th color. An arrangement of colors corresponding 
to the first pixels differs from an arrangement of colors cor 
responding to the second pixels. 
An image pickup device according to another embodiment 

of the present invention includes, but is not limited to: a first 
Substrate including a plurality of first pixels arranged in a 
matrix, each of the first pixels including a photoelectric con 
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version element configured to generate a color signal corre 
sponding to one of first to n-th colors where n is an integer 
equal to or greater than two; and a second Substrate electri 
cally coupled to the first substrate, the second substrate 
including: a plurality of second pixels arranged in a matrix: 
and a vertical signal line provided for each column, and each 
of the second pixels including: a signal storing circuit coupled 
to the vertical signal line, the signal storing circuit being 
configured to store the color signal generated by the photo 
electric conversion element; and an output circuit configured 
to output from the second pixel to an external unit, the color 
signal stored in the signal storing circuit. The first pixel 
including the photoelectric conversion element configured to 
generate the color signal corresponding to an m-th coloris the 
first pixel corresponding to the m-th color where m is an 
integer equal to one of 1 to n. The color signal generated by 
the photoelectric conversion element included in one of the 
first pixels corresponding to the same color is stored in a 
corresponding one of the signal storing circuits coupled to the 
same vertical signal line. 
A signal reading method according to another embodiment 

of the present invention includes, but is not limited to: gen 
erating a color signal corresponding to one of first to n-th 
colors in one of a plurality of first pixels included in a first 
Substrate, where n is an integer equal to or greater than two: 
storing the color signal generated in a corresponding one of a 
plurality of second pixels arranged in the same column on a 
second substrate electrically coupled to the first substrate; and 
outputting the color stored from the second pixel to an exter 
nal unit. 
A solid-state image pickup device according to another 

embodiment of the present invention includes, but is not 
limited to: a first substrate including a plurality of first pixels 
arranged in a matrix, each of the first pixels including a 
photoelectric conversion element configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; a second Substrate 
electrically coupled to the first substrate, the second substrate 
including a plurality of second pixels arranged in a matrix, 
and each of the second pixels including a signal storing circuit 
configured to store the color signal generated by the photo 
electric conversion element; an averaging circuit configured 
to average each of the color signals stored in the signal storing 
circuits included in at least two second pixels of the second 
pixels arranged in the same column; and an output circuit 
configured to output each of the color signals averaged from 
the second pixel to an external unit. The first pixel including 
the photoelectric conversion element configured to generate 
the color signal corresponding to an m-th color is the first 
pixel corresponding to the m-th color where m is an integer 
equal to one of 1 to n. The second pixel including the signal 
storing circuit configured to store the color signal correspond 
ing to the m-th color is the second pixel corresponding to the 
m-th color. At least two second pixels of the second pixels 
corresponding to the same color are arranged in the same 
column on the second Substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present invention 
will be more apparent from the following description of cer 
tain preferred embodiments taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram illustrating a configuration of an 
image pickup device to which a solid-state image pickup 
device according to a first embodiment of the present inven 
tion is applied; 
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8 
FIG. 2 is a cross-sectional view illustrating the solid-state 

image pickup device according to the first embodiment of the 
present invention; 

FIG. 3 is a block diagram illustrating a configuration of the 
Solid-state image pickup device according to the first embodi 
ment of the present invention; 

FIG. 4 is a block diagram illustrating a configuration of the 
Solid-state image pickup device according to the first embodi 
ment of the present invention; 
FIG.5A-5B is a reference diagram illustrating an example 

of groups of pixels included in the solid-state image pickup 
device according to the first embodiment of the present inven 
tion; 

FIG. 6 is a circuit diagram illustrating a circuit configura 
tion of pixels included in the solid-state image pickup device 
according to the first embodiment of the present invention; 

FIG. 7 is a timing chart illustrating operation of pixels 
included in the Solid-state image pickup device according to 
the first embodiment of the present invention: 

FIG. 8 is a timing chart illustrating operation of pixels 
included in the Solid-state image pickup device according to 
the first embodiment of the present invention: 

FIGS. 9A and 9B are reference diagrams illustrating 
another example of group of pixels included in the Solid-state 
image pickup device according to the first embodiment of the 
present invention; 

FIG. 10 is a block diagram illustrating a configuration of a 
Solid-state image pickup device according to a second 
embodiment of the present invention; 

FIGS. 11A and 11B are reference diagrams illustrating an 
example of groups of pixels included in the Solid-state image 
pickup device according to the second embodiment of the 
present invention; 

FIG. 12 is a circuit diagram illustrating a configuration of a 
circuit disposed between pixels included in the solid-state 
image pickup device according to the second embodiment of 
the present invention; 

FIG. 13 is a timing chart illustrating operation of pixels 
included in the Solid-state image pickup device according to 
the second embodiment of the present invention; 

FIG. 14 is a timing chart illustrating operation of pixels 
included in the Solid-state image pickup device according to 
the second embodiment of the present invention; 

FIG. 15 is a cross-sectional view illustrating a configura 
tion of a solid-state image pickup device of related art; 

FIG. 16 is a configuration diagram illustrating a configu 
ration of a first Substrate included in the Solid-state image 
pickup device of the related art; 

FIG. 17 is a circuit diagram illustrating a circuit configu 
ration of a pixel cell on the first substrate included in the 
Solid-state image pickup device of the related art; and 

FIG. 18 is a timing chart illustrating operation of pixels 
included in the Solid-state image pickup device according to 
the related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention will be 
described with reference to drawings. Detailed explanations 
below include specific detailed contents as an example. Those 
skilled in the art will recognize that many alternative embodi 
ments can be accomplished without departing from the scope 
of the present invention. Accordingly, the embodiments illus 
trated herein for explanatory purposes do not limit the gen 
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erality of the claimed inventions, and the claimed inventions 
are not limited to the embodiments. 

First Embodiment 

FIG. 1 illustrates a configuration of a digital camera as an 
example of an image pickup device to which a solid-state 
image pickup device according to a first embodiment of the 
present invention is applied. An image pickup device accord 
ing to one embodiment of the present invention is not limited 
to a digital camera as long as the image pickup device is an 
electronic device having an image pickup function, Such as a 
digital video camera, or an endoscope. 
A digital camera10 shown in FIG. 1 includes: a lens unit 1: 

a lens control device 2; a solid-state image pickup device 3; a 
drive circuit 4; a memory 5; a signal processing circuit 6; a 
recording device 7; a control device 8; and a display device 9. 

Each block shown in FIG. 1 can be implemented by various 
hardware components including: electric circuit components 
Such as a CPU and a memory of a computer, optical compo 
nents such as lenses; and operation components such as but 
tons and Switches. Further, each block shown in FIG. 1 can be 
implemented by Software. Such as computer programs. Here, 
each block shown in FIG. 1 is described as a functional block 
implemented as a combination of those hardware and soft 
ware. Accordingly, those skilled in the art will recognize that 
various embodiments of those functional blocks can be 
implemented as combinations of hardware and software. 
The lens unit 1 includes a Zoom lens and a focus lens. The 

lens unit 1 reflects a light from an object onto a light receiving 
Surface of the Solid-state image pickup device 3 to form an 
object image. The lens control device 2 controls Zoom, focus, 
aperture, and the like of the lens unit 1. The light receiving 
surface of the solid-state image pickup device 3 receives the 
light via the lens unit 1 to form an image. The Solid-state 
image pickup device 3 converts the object image formed on 
the light receiving Surface into an image signal, and outputs 
the image signal. Multiple pixels are two-dimensionally 
arranged in row and column directions on the light receiving 
Surface of the Solid-state image pickup device 3. 
The drive circuit 4 drives the solid-state image pickup 

device 3 and controls operation of the Solid-state image 
pickup device 3. The memory 5 temporarily stores image 
data. The signal processing circuit 6 performs a predeter 
mined process on the image signal output from the Solid-state 
image pickup device 3. The process performed by the signal 
processing circuit 6 includes amplification of image signals, 
various corrections of image data, compression of image data, 
and the like. 
The recording device 7 includes a semiconductor memory 

or the like for recording and/or reading image data. The 
recording device 7 is detachably built in the digital camera 10. 
The display device 9 performs: displaying of motion images 
(live view images) or still images; displaying of motion 
images and still images recorded on the recording device 7; 
displaying of a state of the digital camera 10; and the like. 
The control device 8 controls the entire digital camera 10. 

Operation of the control device 8 is defined by a program 
stored in a ROM built in the digital camera 10. The control 
device 8 reads the program and performs each control accord 
ing to instructions defined by the program. 

FIG. 2 illustrates a cross-sectional configuration of the 
Solid-state image pickup device 3. The solid-state image 
pickup device 3 has a structure such that one of two substrates 
(a first substrate 20, a second substrate 21), on which circuit 
elements (such as photoelectric conversion elements, transis 
tors, and capacitors) constituting pixels are arranged, is 
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10 
placed over the other one of the substrates. The circuit ele 
ments constituting pixels are distributedly arranged on the 
first substrate 20 and the second substrate 21. The first sub 
strate 20 and the second substrate 21 are electrically coupled 
to each other so that electric signals are communicable ther 
ebetween at the time of driving the pixels. 

Photoelectric conversion elements are formed on one of 
two main surfaces of the first substrate 20 (surfaces having 
larger in Surface area than side surfaces), which is on the side 
irradiated with a light L. The light irradiating the first sub 
strate 20 enters the photoelectric conversion elements. Mul 
tiple couplers 250 are formed on the other main surface of the 
first substrate 20 opposing the main surface irradiated with 
the light L. The couplers 250 are used for coupling the first 
substrate 20 to the second substrate 21. Signals based on 
signal charge generated by the photoelectric conversion ele 
ments arranged on the first substrate 20 are output to the 
second substrate 21 via the couplers 250. In the case of FIG. 
2, the main surface of the first substrate 20 and the main 
surface of the second substrate 21 have different areas, but 
may have the same area. 

FIG. 3 illustrates a configuration of the solid-state image 
pickup device 3 on the first substrate 20. As shown in FIG. 3, 
the Solid-state image pickup device 3 includes a pixel unit 
200A and a vertical scanning circuit 300A. The pixel unit 
200A includes pixels 100A arranged in a two-dimensional 
matrix. In the case of FIG. 3, the pixels 100A are arranged in 
4 rows and 4 columns. However, arrangement of pixels is not 
limited thereto as long as the number of rows is 2 or more and 
the number of columns is 2 or more. The arrangement of the 
pixels 100A is Bayer arrangement defined by four pixels 
corresponding to colors of read (R), green (Gr. Gb), and blue 
(B). The colors of the pixels 100A correspond to the colors of 
color filters arranged on the pixels 100A. For example, in a 
case where R color filters are arranged on the pixels 100A, the 
pixels 100A correspond to R. Photoelectric conversion ele 
ments in the pixels 100A (photoelectric conversion elements 
201, 202, 203, and 204 that will be explained later) store 
signal charge corresponding to the colors of the color filters 
arranged on the pixels 100A. 
The vertical scanning circuit 300A performs drive control 

of the pixel unit 200A in units of rows. In order to perform that 
drive control, the vertical scanning circuit 300A includes unit 
circuits 301A-1, 301A-2, 301A-3, and 301A-4 which are 
identical in number to the rows. Each of the unit circuits 
301A-i(i=1,2,3,4) outputs to a signal line 110A provided for 
each row, a control signal that controls the pixels 100A 
arranged in one row. The signal line 110A is coupled to the 
pixels 100A and supplies to the pixels 100A, the control 
signal output from the unit circuit 301A-i. In the case of FIG. 
3, each signal line 110A corresponding to each row is 
expressed by one line. However, each signal line 110A 
includes multiple signal lines. 

FIG. 4 illustrates a configuration of the Solid-state image 
pickup device 3 on the second substrate 21. As shown in FIG. 
4, the Solid-state image pickup device 3 includes: a pixel unit 
200B; a vertical scanning circuit 300B; a column processing 
circuit 350; a horizontal scanning circuit 400; and output 
amplifiers 410 and 420. 
The pixel unit 200B includes: pixels 100B arranged in a 

two-dimensional matrix; and a current source 130 provided 
for each column. In the case of FIG. 4, the pixels 100B are 
arranged in 4 rows and 4 columns. However, arrangement of 
pixels is not limited thereto as long as the number of rows is 
2 or more and the number of columns is 2 or more. Arrange 
ment of colors corresponding to the pixels 100B differs from 
the arrangement of colors corresponding to the pixels 100A. 
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Specifically, the pixels 100B corresponding to R and the 
pixels 100B corresponding to B are arranged in odd-num 
bered columns. The pixels 100B corresponding to Grand the 
pixels 100B corresponding to Gb are arranged in even-num 
bered columns. In the pixel unit 200A, the pixels 100A cor 
responding to Grand the pixels 100A corresponding to Gb are 
arranged in different columns. However, in the pixel unit 
200B, the pixels 100B corresponding to Grand the pixels 
100B corresponding to Gb are arranged in the same column. 
Thereby, as the entire pixel unit 200B, the pixels 100B cor 
responding to the same color are arranged in the same col 
umn. The color of the pixel 100B corresponds to the color of 
the pixel 100A that generates the signal charge to be stored in 
the pixel 100B. For example, the pixel 100B, which stores the 
signal charge generated by the pixel 100A corresponding to 
R, corresponds to R. 
The pixels 100B are coupled to a vertical signal line 120 

provided for each column. The current power 130 is coupled 
to the vertical signal line 120. The current power 130 and 
amplifier transistors (second amplifier transistors 241, 242, 
243, and 244 that will be explained later) in the pixel 100B 
constitute a source follower circuit. 
The vertical scanning circuit 300B performs drive control 

of the pixel unit 200B in units of rows. In order to perform that 
drive control, the vertical scanning circuit 300B includes unit 
circuits 301 B-1, 301 B-2, 301 B-3, and 301 B-4 which are 
identical in number to the rows. Each of the unit circuits 
301B-i(i=1,2,3,4) outputs to a signal line 110B provided for 
each row, a control signal that controls the pixels 100B 
arranged in one row. The signal line 110B is coupled to the 
pixels 100B and supplies to the pixels 100B, the control signal 
output from the unit circuit 301 B-i. In the case of FIG.4, each 
signal line 110B corresponding to each row is expressed by 
one line. However, each signal line 110B includes multiple 
signal lines. Pixel signals of the pixels 100B arranged in the 
row selected by the control signal are output to the vertical 
signal line 120. 
The column processing circuit 350 performs a signal pro 

cess, such as noise reduction, on the pixel signals output to the 
vertical signal line 120. The column processing circuits 350 
provided correspondingly to the odd-numbered columns are 
coupled to an output channel 430 (a horizontal signal line and 
an output signal line). The column processing circuits 350 
provided correspondingly to the even-numbered columns are 
coupled to an output channel 440 (a horizontal signal line and 
an output signal line). An output amplifier 410 is coupled to 
the output channel 430. An output amplifier 420 is coupled to 
the output channel 440. The horizontal scanning circuit 400 
outputs to the output amplifiers 410 and 420, the pixel signals 
of the pixels 100B arranged in one row, which are output to 
the vertical signal lines 120 and processed by the column 
processing circuits 350, in chronological order and in hori 
Zontal arrangement order. The output amplifiers 410 and 420 
amplify the input pixel signals and output the amplified pixel 
signals as image signals from the Solid-state image pickup 
device 3 to external units. 

Thus, the output amplifier 410 receiving the pixel signals 
output from the pixels 100B in the odd-numbered columns 
and the output amplifier 420 receiving the pixel signals output 
from the pixels 100B in the even-numbered columns are 
provided. The pixel signals output from the pixels 100B cor 
responding to the same color are output to the same output 
amplifier. 

Specifically, the pixel signal output from the pixel 100B 
corresponding to Rand the pixel signal output from the pixel 
100B corresponding to B are input to the output amplifier 
410. The pixel signal output from the pixel 100B correspond 
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ing to Grand the pixel signal output from the pixel 100B 
corresponding to Gb are input to the output amplifier 420. For 
this reason, it is possible to prevent a variation from occurring 
between pixel signals corresponding to the same color, which 
is caused by a variation in properties of the output amplifiers, 
and thereby prevent longitudinal stripes from being included 
in an image formed by the read pixel signals. 

In the first embodiment, the column processing circuits 
350, the horizontal scanning circuit 400, and the output 
amplifiers 410 and 420 are arranged on the second substrate 
21, but may bearranged on the first substrate 20. Additionally, 
circuit elements constituting the column processing circuits 
350, the horizontal scanning circuit 400, and the output 
amplifiers 410 and 420 may be distributedly arranged on the 
first substrate 20 and the second substrate 21. 

In the first embodiment, a region including all the pixels of 
the Solid-state image pickup device 3 is used as a region 
targeted for reading pixel signals. However, part of the region 
including all the pixels of the solid-state image pickup device 
3 may be used as the reading target region. Preferably, the 
reading target region at least includes all pixels included in an 
effective pixel region. The reading target region may include 
optical black pixels (pixels where a light is always blocked) 
arranged outside the effective pixel region. For example, sig 
nals read from the optical black pixels are used to correct dark 
current elements. 

In the first embodiment, multiple pixels 100A share one 
coupler 250 and multiple pixels 100B share one coupler 250. 
Additionally, the multiple pixels 100A sharing the one cou 
pler 250 are grouped into one group. The multiple pixels 
100B sharing the one coupler 250 are grouped into one group. 
FIG. 5A illustrates groups of the pixels 100A and FIG. 5B 
illustrates groups of the pixels 100B. FIG. 5A shows arrange 
ment of only a part of the pixels 100A included in the pixel 
unit 200A. FIG. 5B shows arrangement of only a part of the 
pixels 100B included in the pixel unit 200B. However, 
arrangement of the remaining pixels 100A and arrangement 
of the remaining pixels 100B are similar to those shown in 
FIGS 5A and 5B. 
As shown in FIG. 5A, on the first substrate 20, the four 

pixels 100A arranged in four rows and one column share one 
coupler 250. Specifically, the pixels 100A-1 and 100A-3 cor 
responding to B and the pixels 100A-2 and 100A-4 corre 
sponding to Grshare the coupler 250-1. Those pixels 100A-1, 
100A-2, 100A-3, and 100A-4 constitute a group G1. Addi 
tionally, the pixels 100A-5 and 100A-7 corresponding to Gb 
and the pixels 100A-6 and 100A-8 corresponding to R share 
the coupler 250-2. Those pixels 100A-5, 100A-6, 100A-7, 
and 100A-8 constitute a group G2. 
As shown in FIG. 5B, on the second substrate 21, the four 

pixels 100B arranged in two rows and two columns share one 
coupler 250. Specifically, the pixels 100B-1 and 100B-2 cor 
responding to B and the pixels 100B-5 and 100B-6 corre 
sponding to Grshare the coupler 250-1. Those pixels 100B-1, 
100B-2, 100B-5, and 100B-6 constitute a group G3. Addi 
tionally, the pixels 100B-3 and 100B-4 corresponding to R 
and the pixels 100B-7 and 100B-8 corresponding to Gb share 
the coupler 250-2. Those pixels 100B-3, 100B-4, 100B-7, and 
100B-8 constitute a group G4. As explained above, arrange 
ments of the couplers 250 and groups are determined so that 
the total eight pixels in the two groups on the first substrate 20 
respectively overlap the eight pixels in the two groups on the 
second substrate 21. 
The pixels 100A in the group G1 respectively correspond 

to the pixels 100B in the group G3. In other words, signal 
charge generated by the pixel 100A in the group G1 is input to 
and stored in the corresponding pixel 100B in the group G3 
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via the coupler 250-1. Additionally, the pixels 100A in the 
group G2 respectively correspond to the pixels 100B in the 
group G4. In other words, signal charge generated by the 
pixel 100A in the group G2 is input to and stored in the 
corresponding pixel 100B in the group G4 via the coupler 
250-2. The vertical scanning circuits 300A and 300B corre 
spond the pixels 100A in the group G1 respectively to the 
pixels 100B in the group G3, and correspond the pixels 100A 
in the group G2 respectively to the pixels 100B in the group 
G4. The vertical scanning circuits 300A and 300B generate 
control signals that control the pixels 100A and 100B, and 
output the control signals to the pixels 100A and 100B via the 
signal lines 110A and 110B. 
As shown in FIG. 5B, the pixels 100B-1 and 100B-2 cor 

responding to B and the pixels 100B-3 and 100B-4 corre 
sponding to Rare arranged in the same column. Pixel signals 
(B signals, R signals) output from those pixels are processed 
by the column processing circuit 350, and then are output to 
the output amplifier 410 via the output channel 430. Addi 
tionally, the pixels 100B-5 and 100B-6 corresponding to Gr 
and the pixels 100B-7 and 100B-8 corresponding to Gb are 
arranged in the same column. Pixel signals (G signals) output 
from those pixels are processed by the column processing 
circuit 350, and then are output to the output amplifier 420 via 
the output channel 440. 

Hereinafter, configurations of the pixels 100A and 100B 
are explained. FIG. 6 illustrates a circuit configuration of the 
four pixels 100A and the four pixels 100B, which share one 
coupler 250. The group including the four pixels 100A 
arranged on the first substrate 20 includes: photoelectric con 
version elements 201, 202, 203, and 204; first transfer tran 
sistors 211, 212, 213, and 214; a charge retention unit 230 
(floating diffusion); a first reset transistor 220; a first amplifier 
transistor 240; and a current power 280. The group including 
the four pixels 100B arranged on the second substrate 21 
includes: a clamp capacitor 260; second transfer transistors 
271,272,273, and 274; second reset transistors 221, 222, 223, 
and 224; analog memories 231, 232, 233, and 234; second 
amplifier transistors 241, 242, 243, and 244; and select tran 
sistors 291, 292, 293, and 294. The arrangement positions of 
the circuit elements shown in FIG. 6 do not always match the 
actual arrangement positions. 
The relationship between each pixel 100A in the group G1 

shown in FIG.5A and each circuit element shown in FIG. 6 is 
as follows. The pixel 100A-1 includes: the photoelectric con 
version element 201; the first transfer transistor 211; the 
charge retention unit 230; the first reset transistor 220; the first 
amplifier transistor 240; and the current power 280. The pixel 
100A-2 includes: the photoelectric conversion element 202; 
the first transfer transistor 212; the charge retention unit 230; 
the first reset transistor 220; the first amplifier transistor 240; 
and the current power 280. The pixel 100A-3 includes: the 
photoelectric conversion element 203; the first transfer tran 
sistor 213; the charge retention unit 230; the first reset tran 
sistor 220; the first amplifier transistor 240; and the current 
power 280. The pixel 100A-4 includes: the photoelectric con 
version element 204; the first transfer transistor 214; the 
charge retention unit 230; the first reset transistor 220; the first 
amplifier transistor 240; and the current power 280. The 
charge retention unit 230, the first reset transistor 220, the first 
amplifier transistor 240, and the current power 280 are shared 
by the four pixels 100A. The relationship between each pixel 
100A in the group G2 and each circuit element shown in FIG. 
6 is similar to the above. 
The relationship between each pixel 100B in the group G3 

shown in FIG. 5B and each circuit element shown in FIG. 6 is 
as follows. The pixel 100B-1 includes: the clamp capacitor 
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260; the second transfer transistor 271; the second reset tran 
sistor 221; the analog memory 231; the second amplifier 
transistor 241; and the select transistor 291. The pixel 100B-5 
includes: the clamp capacitor 260; the second transfer tran 
sistor 272; the second reset transistor 222; the analog memory 
232; the second amplifier transistor 242; and the select tran 
sistor 292. The pixel 100B-2 includes: the clamp capacitor 
260; a second transfer transistor 273; the second reset tran 
sistor 223; the analog memory 233; the second amplifier 
transistor 243; and the select transistor 293. The pixel 100B-6 
includes: the clamp capacitor 260; the second transfer tran 
sistor 274; the second reset transistor 224; the analog memory 
234; the second amplifier transistor 244; and the select tran 
sistor 294. The clamp capacitor 260 is shared by the four 
pixels 100B. The relationship between each pixel 100B in the 
group G4 and each circuit element shown in FIG. 6 is similar 
to the above. 
One terminal of each of the photoelectric conversion ele 

ments 201, 202, 203, and 204 is grounded. Drain terminals of 
the first transfer transistors 211, 212, 213, and 214 are 
coupled respectively to the other terminals of the photoelec 
tric conversion elements 201, 202, 203, and 204. Gate termi 
nals of the first transfer transistors 211, 212, 213, and 214 are 
coupled to the vertical scanning circuit 300A and are supplied 
with transfer pulses dTX1-1, dTX1-2, dTX1-3, and dTX1 
4, respectively. 
One terminal of the charge retention unit 230 is coupled to 

source terminals of the first transfer transistors 211,212, 213, 
and 214. The other terminal of the charge retention unit 230 is 
grounded. A drain terminal of the first reset transistor 220 is 
coupled to a power voltage VDD. A source terminal of the 
first reset transistor 220 is coupled to the source terminals of 
the first transfer transistors 211, 212, 213, and 214. A gate 
terminal of the first reset transistor 220 is coupled to the 
vertical scanning circuit 300A and is supplied with a reset 
pulse dRST1. 
A drain terminal of the first amplifier transistor 240 is 

coupled to the power voltage VDD. A gate terminal of the first 
amplifier transistor 240, which is an input unit thereof, is 
coupled to the source terminals of the first transfer transistors 
211, 212, 213, and 214. One end of the current source 280 is 
coupled to the source terminal of the first amplifier transistor 
240. The other end of the current source 280 is grounded. As 
an example, the current power 280 may include a transistor 
having: a drain terminal coupled to the source terminal of the 
first amplifier transistor 240; a source terminal grounded; and 
a gate terminal coupled to the vertical scanning circuit 300A. 
One terminal of the clamp capacitor 260 is coupled to the 
source terminal of the first amplifier transistor 240 and the one 
end of the current source 280 via the coupler 250. 

Drain terminals of the second transfer transistors 271, 272, 
273, and 274 are coupled to the other terminal of the clamp 
capacitor 260. Gate terminals of the second transfer transis 
tors 271, 272,273, and 274 are coupled to the vertical scan 
ning circuit 300B and are supplied with transfer pulses 
dTX2-1, dTX2-2, dTX2-3, and dTX2-4, respectively. 

Drainterminals of the second reset transfer transistors 221, 
222, 223, and 224 are coupled to the power voltage VDD. 
Source terminals of the second reset transfer transistors 221, 
222, 223, and 224 are coupled to the source terminals of the 
second transfer transistors 271, 272, 273, and 274, respec 
tively. Gate terminals of the second reset transfer transistors 
221, 222, 223, and 224 are coupled to the vertical scanning 
circuit 300B, and are supplied with reset pulses dRST2-1, 
dRST2-2, dRST2-3, and dRST2-4, respectively. 
One terminal of each of the analog memories 231, 232, 

233, and 234 is coupled to the source terminal of the corre 
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sponding one of the second transfer transistors 271, 272,273, 
and 274. The other terminals of the analog memories 231, 
232, 233, and 234 are grounded. Drain terminals of the sec 
ond amplifier transistors 241, 242, 243, and 244 are coupled 
to the power voltage VDD. Gate terminals of the second 
amplifier transistors 241, 242, 243, and 244, which are input 
units thereof, are coupled respectively to the Source terminals 
of the second transfer transistors 271, 272, 273, and 274. 
Drain terminals of the select transistors 291, 292, 293, and 
294 are coupled respectively to the source terminals of the 
second amplifier transistors 241, 242, 243, and 244. Source 
terminals of the select transistors 291 and 293 are coupled to 
the vertical signal lines 120 in odd-numbered columns Source 
terminals of the select transistors 292 and 294 are coupled to 
the vertical signal lines 120 in even-numbered columns Gate 
terminals of the select transistors 291, 292, 293, and 294 are 
coupled to the vertical scanning circuit 300B, and are Sup 
plied with select pulses dSEL1, dSEL2, dSEL, and dSEL4, 
respectively. Regarding each of the above transistors, the 
polarity thereof may be reversed, and the source terminal and 
the drain terminal may be reversed. 

The photoelectric conversion elements 201, 202, 203, and 
204 are, for example, photodiodes. The photoelectric conver 
sion elements 201, 202, 203, and 204 generate signal charge 
based on the incident light, and store the generated signal 
charge. The first transfer transistors 211, 212, 213, and 214 
are transistors that transfer to the charge retention unit 230, 
signal charge stored in the photoelectric conversion elements 
201, 202, 203, and 204. The first transfer transistors 211,212, 
213, and 214 are on/off controlled by the transfer pulses 
dTX1-1, dTX.1-2, dTX1-3, and dTX1-4 which are sup 
plied from the vertical scanning circuit 300A. The charge 
retention unit 230 is a floating diffusion capacitor that tem 
porarily stores the signal charge transferred from the photo 
electric conversion elements 201, 202, 203, and 204. 
The first reset transistor 220 is a transistor that resets the 

charge retention unit 230. The first reset transistor 220 is 
on/off controlled by the reset pulse dRST1 supplied from the 
vertical scanning circuit 300A. It is possible to simulta 
neously turn on the first reset transistor 220 and the first 
transfer transistors 211, 212, 213, and 214, thereby resetting 
the photoelectric conversion elements 201, 202,203, and 204. 
Resetting of the charge retention unit 230 or the photoelectric 
conversion elements 201, 202, 203, and 204 is to control the 
amount of charge stored in the charge retention unit 230 or the 
photoelectric conversion elements 201, 202, 203, and 204, 
thereby setting a state (voltage) of the charge retention unit 
230 or the photoelectric conversion elements 201, 202, 203, 
and 204 to a reference state (the reference voltage, the reset 
level). 
The first amplifier transistor 240 is a transistor that receives 

from the gate terminal thereofand amplifies, a signal based on 
the signal charge stored in the charge retention unit 230, and 
outputs the amplified signal from the Source terminal thereof. 
The current source 280 operates as a load for the first ampli 
fier transistor 240. The current source 280 supplies to the first 
amplifier transistor 240, a current that drives the first amplifier 
transistor 240. The first amplifier transistor 240 and the cur 
rent source 280 constitute a source follower circuit. 
The clamp capacitor 260 is a capacitor that clamps (fixes) 

the voltage level of the amplified signal output from the first 
amplifier transistor 240. The second transfer transistors 271, 
272,273, and 274 are transistors that sample-holds the volt 
age level of the other terminal of the clamp capacitor 21, and 
stores the voltage level in the analog memories 231,232,233, 
and 234. The second transfer transistors 271, 272, 273, and 
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274 are on/off controlled by transfer pulses dTX2-1, dTX2 
2, dTX2-3, and dTX2-4, which are supplied from the verti 
cal scanning circuit 300B. 
The second reset transistors 221, 222, 223, and 224 are 

transistors that respectively reset the analog memories 231, 
232,233, and 234. The second reset transistors 221, 222, 223, 
and 224 are on/off controlled respectively by reset pulses 
dRST2-1, DRST2-2, dRST2-3, and dRST2-4, which are 
supplied from the vertical scanning circuit 300B. Resetting of 
the analog memories 231, 232, 233, and 234 is to control the 
amount of charge stored in analog memories 231, 232, 233, 
and 234, thereby setting the states of the analog memories 
231, 232, 233, and 234 to reference states (the reference 
voltages, the reset levels). The analog memories 231, 232, 
233, and 234 store the analog signals sample-hold by the 
second transfer transistors 271, 272, 273, and 274. 

Capacitances of the analog memories 231, 232, 233, and 
234 are set to be larger than that of the charge retention unit 
230. Preferably, a MIM (metal insulator metal) capacitor or a 
MOS (metal oxide semiconductor) capacitor, which is a 
capacitor with little leak current (dark current) per unit area, 
is used as the analog memories 231, 232, 233, and 234. 
Thereby, tolerance to noises is increased, thereby achieving 
high-quality signals. 
The second amplifier transistors 241,242,243, and 244 are 

transistors that receive from the gate terminals thereof and 
amplify, signals based on signal charge Stored in the analog 
memories 231, 232, 233, and 234, and output the amplified 
signals from the Source terminals thereof. The second ampli 
fier transistors 241, 242, 243, and 244 and the current source 
130 constitute a source follower circuit. The select transistors 
291, 292, 293, and 294 are transistors that select pixels 100B 
and transfer the outputs of second amplifier transistors 241, 
242, 243, and 244 to the vertical signal line 120. The select 
transistors 291, 292, 293, and 294 are on/off controlled 
respectively by select pulses dSEL1, dSEL2, dSEL3, and 
dSEL4, which are supplied from the vertical scanning circuit 
3OOB. 
The coupler 250 is disposed between the first substrate 20 

and the second substrate 21. The amplified signal output from 
the first amplifier transistor 240 on the first substrate 20 is 
output to the second substrate 21 via the coupler 250. 

In the case of FIG. 6, the coupler 250 is disposed on a path 
coupling the source terminal of the first amplifier transistor 
240, the one end of the current power 280, and the one 
terminal of the clamp capacitor 260. However, the configu 
ration of the coupler 250 is not limited thereto. The coupler 
250 may be disposed at any point on a path electrically cou 
pling the first transfer transistors 211, 212, 213, and 214 
respectively to the second transfer transistors 271, 272,273, 
and 274. 

For example, the coupler 250 may be disposed on a path 
coupling the source terminals of the first transfer transistors 
211, 212, 213, and 214, the one terminal of the charge reten 
tion unit 230, the source terminal of the first reset transistor 
220, and the gate terminal of the first amplifier transistor 240. 
Alternatively, the coupler 250 may be disposed on a path 
coupling the other terminal of the clamp capacitor 260 and the 
drain terminals of the second transfer transistors 271, 272, 
273, and 274. 

Hereinafter, operation of the pixels 100A and 100B is 
explained with reference to FIG. 7. FIG. 7 illustrates control 
signals Supplied from the vertical scanning circuits 300A and 
300B to the pixels 100A and 100B in units of rows. Herein 
after, operations are explained with respect to the group of the 
four pixels 100A and the group of the four pixels 100B. 
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Operation in Period T1 
Firstly, the reset pulse dRST1 changes from “L’’ (low) 

level to “H” (high) level, thereby turning on the first reset 
transistor 220. At the same time, the transfer pulse dTX1-1 
changes from "L' level to “H” level, thereby turning on the 
first transfer transistor 211. Thus, the photoelectric conver 
sion element 201 is reset. 

Then, the reset pulse dRST1 and the transfer pulse 
dTX1-1 change from “H” level to the “L” level, thereby 
turning off the first reset transistor 220 and the first transfer 
resistor 211. Thus, the resetting of the photoelectric element 
201 ends, and then exposure of the photoelectric conversion 
element 201 (storing of the signal charge) starts. In a similar 
manner to the above, the photoelectric conversion elements 
202, 203, and 203 are subsequently reset, and exposure of 
each photoelectric conversion element starts. In the case of 
FIG. 7, the reset pulse dRST1 becomes “H” level at the 
timing of the transfer pulses dTX1-1, dTX1-2, dTX1-3, and 
dTX1-4 becoming “H” level. However, the reset pulse 
dRST1 may maintain “H” level in the period of resetting the 
photoelectric conversion elements 201, 202, 203, and 204. 
Operation in Period T2 
Then, the reset pulse dRST2-1 changes from "L' level to 

“H” level, thereby turning on the second reset transistor 221. 
Thus, the analog memory 231 is reset. At the same time, a 
sample pulse dTX2-1 changes from “L” level to “H” level, 
thereby turning on the second transfer transistor 271. Thus, 
the voltage of the other terminal of the clamp capacitor 260 is 
reset to the power voltage VDD, and the second transfer 
transistor 271 starts to sample-hold the voltage of the other 
terminal of the clamp capacitor 260. 

Then, the reset pulse dRST1 changes from "L' level to 
“H” level, thereby turning on the first reset transistor 220. 
Thus, the charge retention unit 230 is reset. Then, the reset 
pulse dRST1 changes from “H” level to “L” level, thereby 
turning off the first reset transistor 220. Thus, the resetting of 
the charge retention unit 230 ends. The timing of resetting the 
charge retention unit 230 may be in the period of exposure. If 
the charge retention unit 230 is reset in the timing immedi 
ately before the end of the exposure period, however, it is 
possible to reduce more noises caused by leak current of the 
charge retention unit 230. 

Then, the reset pulse RST2-1 changes from “H” level to 
“L' level, thereby turning off the second reset transistor 221. 
Thus, the resetting of the analog memory 231 ends. At this 
time, the clamp capacitor 260 has clamped the amplified 
signal (the amplified signal after the charge retention unit 230 
is reset) output from the first amplified transistor 240. 
Operation in Period T3 

Firstly, the transfer pulse dbTX1-1 changes from "L' level 
to “H” level, thereby turning on the first transfer transistor 
211. Thus, the signal charge stored in the photoelectric con 
version element 201 is transferred to the charge retention unit 
230 via the first transfer transistor 211, and is stored in the 
charge retention unit 230. Thereby, the exposure (storing of 
the signal charge) ends. The period from the start of the 
exposure in the period T1 to the end of the exposure in the 
period T3 is the exposure period (signal storing period). Then, 
the transfer pulse dTX1-1 changes from “H” level to “L” 
level, thereby turning off the first transfer transistor 211. 

Then, the transfer pulsed.TX2-1 changes from “H” level to 
“L' level, thereby turning off the second transfer transistor 
271. Thus, the second transfer transistor 271 terminates 
sample-holding of the voltage of the other terminal of the 
clamp capacitor 260. 
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Operation in Period T4 
The operations in the aforementioned periods T2 and T3 

are operations of the one pixel 100A among the four pixels 
100A forming one group. In the period T4, similar operations 
to those in the periods T2 and T3 are performed with respect 
to the remaining three pixels 100A. Preferably, the length of 
the exposure period for each pixel is set to be identical. 

Hereinafter, a change in the Voltage of the one terminal of 
the analog memory 231 is explained. A change in the one 
terminal of each of the other analog memories 232, 233, and 
234 is similar. The change AVamp1 in the voltage of the 
source terminal of the first amplifier transistor 240, which is 
caused by the signal charge being transferred from the pho 
toelectric conversion element 201 to the charge retention unit 
230, equals C.1XAVfd where AVfd denotes a change in the 
voltage of the one terminal of the charge retention unit 230 
which is caused by the signal charge being transferred from 
the photoelectric conversion element 201 to the charge reten 
tion unit 230 after the resetting of the charge retention unit 
230 ends, and C.1 denotes again of the first amplifier transistor 
240. 
A change AV mem in the voltage of the one terminal of the 

analog memory 231, which is caused by Sample-holding by 
the second transfer transistor 271 after the signal charge is 
transferred from the photoelectric conversion element 201 to 
the charge retention unit 230 equals C.2xAVamp1, that is, 
C.1xO2xAVfd, where C2 denotes the total gain of the analog 
memory 231 and the second transfer transistor 271. The volt 
age of the one terminal of the analog memory 231 at the time 
when the resetting of the analog memory 231 ends is the 
power voltage VDD. For this reason, the voltage Vmem of the 
one terminal of the analog memory 231 sample-hold by the 
second transfer transistor 271 after the signal charge is trans 
ferred from the photoelectric conversion element 201 to the 
charge retention unit 230, is expressed as in the following 
equation (1). In equation (1), AV mem<0 and AVfd<0. 

Winnen = WDD+AVmen (1) 

Additionally, C2 is expressed as in the following equation 
(2). In equation (2), CL denotes a capacitance value of the 
clamp capacitor 260, and CSH denotes a capacitance value of 
the analog memory 231. In order to further reduce a decrease 
in the gain, the capacitance CL of the clamp capacitor 260 is 
preferably larger than the capacitance CSH of the analog 
memory 231. 

CL 

T CL + CSH 
(2) 

a2 

Operation in Period T5) 
In periods T5 and T6, signals based on the signal charge 

stored in the analog memories 231,232,233, and 234 are read 
every two rows. Firstly, signals are read from the two pixels 
100B arranged in the same row, which are two pixels of the 
four pixels 100B included in one group. The select pulses 
dSEL1 and dSEL2 change from “L” level to “H” level, 
thereby turning on the select transistors 291 and 292. Thus, 
signals based on the Voltage Vmem shown in equation (1) are 
output to the vertical signal lines 120 via the select transistors 
291 and 292. 

Then, the reset pulses dRST2-1 and dRST2-2 change 
from "L' level to “H” level, thereby turning on the second 
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reset transistors 221 and 222. Thus, the analog memories 231 
and 232 are reset, and the signal based on the voltage of the 
one terminal of each of the analog memories 231 and 232 at 
the time of the resetting is output to the corresponding one of 
the vertical signal lines 120 via the corresponding one of the 
select transistors 291 and 292. 

Then, the reset pulses dRST2-1 and dRST2-2 change 
from “H” level to “L” level, thereby turning off the second 
reset transistors 221 and 222. Then, the select pulses dSEL1 
and dSEL2 change from “H” level to “L” level, thereby 
turning off the select transistors 291 and 292. 

The column processing circuit 350 generates a difference 
signal by calculating the difference between the signal based 
on the Voltage Vmem shown in equation (1) and the signal 
based on the Voltage of the one terminal of each of the analog 
memories 231 and 232 at the time when the analog memories 
231 and 232 are reset. This difference signal is a signal based 
on the difference between the voltage Vmem shown in equa 
tion (1) and the power voltage VDD, that is, the signal based 
on the difference AVfd between the voltage of the one termi 
nal of the charge retention unit 230 immediately after the 
signal charge stored in the photoelectric conversion elements 
201 and 202 are transferred to the charge retention unit 230, 
and the voltage of the charge retention unit 230 immediately 
after the one terminal of the charge retention unit 230 is reset. 
Accordingly, a signal element based on the signal charge 
stored in the photoelectric conversion elements 201 and 202 
can be obtained while Suppressing the noise element caused 
by resetting the analog memories 231 and 232, and the noise 
element caused by resetting the charge retention unit 230. 
The horizontal scanning circuit 400 inputs the signals out 

put from the column processing circuits 350, to the output 
amplifiers 410 and 420 via the output channels 430 and 440. 
The output amplifiers 410 and 420 process the input signals, 
and output the processed signals as image signals. Thus, the 
reading of the signals from the two pixels 100B arranged in 
the same row, which are two pixels of the four pixels 100B 
included in one group, ends. 
Operation in Period T6 
Subsequently, operation similar to the operation of the 

pixels 100B in period T5 is performed with respect to the 
remaining two pixels 100B. 

In the above operation, the charge retention unit 230 must 
store the signal charge transferred from the photoelectric 
conversion elements 201, 202, 203, and 204 until the reading 
timing for each pixel 100A. If noise occurs while the charge 
retention unit 230 stores the signal charge, that noise is Super 
imposed on the signal charge stored by the charge retention 
unit 230, thereby causing deterioration of signal quality 
(S/N). 

Primary factors for noises occurring in a period for the 
charge retention unit 230 to store the signal charge (herein 
after referred to as a “retention period) are charge resulting 
from leak current of the charge retention unit 230 (hereinafter 
referred to as leak charge) and charge resulting from the light 
entering a portion other than the photoelectric conversion 
elements 201, 202, 203, and 204 (hereinafter referred to as 
light charge). Noise charge Qn occurring during the retention 
period equals (qid+qpn)tc where qid and qpn denote the leak 
charge per unit time and the light charge per unit time, respec 
tively. 

The capacitance of the charge retention unit 230 is denoted 
as Cfd. The capacitances of the analog memories 231, 232, 
233, and 244 are denoted as Cmem. A ratio of Cfd to Cmem. 
that is, (Cmem/Cfd), is denoted as A. As explained above, the 
gain of the first amplifier transistor 240 is denoted as C.1. The 
total gain of the analog memories 231, 232,233, and 234 and 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
the second transfer transistors 271, 272, 273, and 274 is 
denoted as C2. The signal charge stored in the analog memo 
ries 231, 232, 233, and 234 after the exposure period ends 
equals AXO1xO2xOph where Qph denotes the signal charge 
generated by the photoelectric conversion elements 201, 202, 
203, and 204 during the exposure period. 
The signals based on the signal charge transferred from the 

photoelectric conversion elements 201, 202, 203, and 204 to 
the charge retention unit 230 are sample-hold by the second 
transfer transistors 271, 272, 273, and 274 and stored in the 
analog memories 231, 232, 233, and 234. Accordingly, the 
duration from the time the signal charge is transferred to the 
charge retention unit 230 to the time the signal charge is 
stored in the analog memories 231,232,233, and 234 is short. 
For this reason, the noises generated in the charge retention 
unit 230 are negligible. If noise generated while the analog 
memories 231, 232, 233, and 234 store signal charge is 
assumed to be the same Qn as the above, S/N equals AxC.1x 
C.2xOph/Qn. 
On the other hand, in a case where the signal charge stored 

in the charge retention unit is read from the pixel via the 
amplifier transistor, as in the case of the related art disclosed 
in Japanese Patent Laid-Open Publication No. 2010-219339, 
S/N equals Qph/Qn. Accordingly, S/N in the first embodi 
ment equals AxC.1xO2 times the S/N in the case of the related 
art. The capacitance values of the analog memories 231, 232, 
233, and 234 are set so that AxC.1xO2 exceeds 1 (for example, 
the capacitance values of the analog memories 231, 232,233, 
and 234 are set to be much greater than the capacitance value 
of the charge retention unit 230), thereby enabling a reduction 
in deterioration of signal quality. 

In the first embodiment, the groups of the pixels 100A have 
the same operational timing regardless of the positions 
thereof in the vertical direction (hereinafter referred to as the 
vertical position). Additionally, the groups of the pixels 100B 
at the different vertical positions have different operational 
timings in accordance with the respective operational peri 
ods. 

FIG. 8 schematically illustrates the operational timing per 
group in a case where the pixels 100A and 100B are arranged 
in n rows. In FIG. 8, positions in the vertical direction denote 
the vertical positions in the arrangement of the pixels 100A 
and 100B, that are, row positions. Additionally, positions in 
the horizontal direction denote the time positions. 
The reset period corresponds to the period T1 shown in 

FIG. 7. The signal transfer period corresponds to the periods 
T2, T3, and T4 shown in FIG. 7. The reading period corre 
sponds to the periods T5 and T6 shown in FIG. 7. The groups 
of the pixels 100A have the same reset period and the same 
signal transfer period, regardless of the vertical positions 
thereof. On the other hand, the groups of the pixels 100B at 
the different vertical positions have the same signal transfer 
period, but have different reading periods. In the aforemen 
tioned operation, the exposure timing differs for each pixel 
included in the same group, but synchronization of the expo 
Sure can be achieved for the entire group. 

Hereinafter, a modified example of the first embodiment is 
explained. In the first embodiment, the four pixels 100A 
arranged in four rows and one column on the first substrate 20 
form one group. However, arrangement of the pixels 100A 
forming one group is not limited thereto. Also in the first 
embodiment, the four pixels 100B arranged in two rows and 
two columns on the second Substrate 21 form one group. 
However, arrangement of the pixels 100B forming one group 
is not limited thereto, as long as the group of the pixels 100B 
is determined so that signal charge generated by the photo 
electric conversion elements in the pixels 100A correspond 
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ing to the same color are stored in the analog memories in the 
pixels 100B arranged in the same column. 

FIGS. 9A and 9B illustrate another example of groups of 
the pixels 100A and groups of the pixels 100B. FIG. 9A 
illustrates groups of the pixels 100A. FIG. 9B illustrates 
groups of the pixels 100B. FIG. 9A shows arrangement of 
only a part of the pixels 100A included in the pixel unit 200A. 
and FIG.9B shows arrangement of only a part of the pixels 
100B included in the pixel unit 200B. However, arrangement 
of the remaining pixels 100A and arrangement of the remain 
ing pixels 100B are similar to those shown in FIGS. 9A and 
9B. 
As shown in FIG. 9A, on the first substrate 20, the four 

pixels 100A arranged in two rows and two columns share one 
coupler 250. Specifically, the pixel 100A-11 corresponding to 
B, the pixel 100A-12 corresponding to Gr, the pixel 100A-15 
corresponding to Gb, and the pixel 100A-16 corresponding to 
R share the coupler 250-1. Those pixels 100A-11, 100A-12, 
100A-15, and 100A-16 constitute a group G11. Additionally, 
the pixel 100A-13 corresponding to B, the pixel 100A-14 
corresponding to Gr, the pixel 100A-17 corresponding to Gb, 
and the pixel 100A-18 corresponding to R share the coupler 
250-2. Those pixels 100A-13, 100A-14, 100A-17, and 100A 
18 constitute a group G12. 
As shown in FIG.9B, on the second substrate 21, the four 

pixels 100B arranged in two rows and two columns share one 
coupler 250. Specifically, the pixel 100B-11 corresponding to 
B, the pixel 100B-12 corresponding to R, the pixel 100B-15 
corresponding to Gb, and the pixel 100B-16 corresponding to 
Gr share the coupler 250-1. Those pixels 100B-11, 100B-12, 
100B-15, and 100B-16 constitute a group G13. Additionally, 
the pixel 100B-13 corresponding to B, the pixel 100B-14 
corresponding to R, the pixel 100B-17 corresponding to Gb, 
and the pixel 100B-18 corresponding to Gr share the coupler 
250-2. Those pixels 100B-13, 100B-14, 100B-17, and 100B 
18 constitute a group G14. As explained above, arrangements 
of the couplers 250 and groups are determined so that the total 
four pixels in the one group on the first substrate 20 respec 
tively overlap the four pixels in the one group on the second 
substrate 21. 
The pixels 100A in the group G11 correspond respectively 

to the pixels 100B in the group G13. In other words, signal 
charge generated by the pixel 100A in the group G11 is input 
to and stored in the corresponding pixel 100B in group G13 
via the coupler 250-1. Additionally, the pixels 100A in the 
group G12 correspond respectively to the pixels 100B in the 
group G14. In other words, signal charge generated by the 
pixel 100A in the group G12 is input to and stored in the 
corresponding pixel 100B in group G14 via the coupler 250 
2. The vertical scanning circuits 300A and 300B correspond 
the pixels 100A in the group G11 respectively to the pixels 
100B in the group G13, and correspond the pixels 100A in the 
group G12 respectively to the pixels 100B in the group G14. 
The vertical scanning circuits 300A and 300B generate con 
trol signals that control the pixels 100A and 100B, and output 
the control signals to the pixels 100A and 100B via the signal 
lines 110A and 110B. 
As shown in FIG. 9B, the pixels 100B-11 and 100B-13 

corresponding to B and the pixels 100B-12 and 100B-14 
corresponding to R are arranged in the same column Pixel 
signals (B signals, R signals) output from those pixels are 
processed by the column processing circuit 350, and then are 
output to the output amplifier 410 via the output channel 430. 
Additionally, the pixels 100B-15 and 100B-17 corresponding 
to Gb and the pixels 100B-16 and 100B-18 corresponding to 
Grare arranged in the same column Pixel signals (G signals) 
output from those pixels are processed by the column pro 
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cessing circuit 350, and then are output to the output amplifier 
420 via the output channel 440. 
As explained above, in the first embodiment, on the second 

substrate 21, two or more pixels 100B corresponding to the 
same color are arranged in the same column. Alternatively, on 
the second Substrate 21, the arrangement of the colors corre 
sponding to multiple pixels 100A differs from the arrange 
ment of the colors corresponding to multiple pixels 100B. 
Alternatively, the signal (color signal) generated by the pho 
toelectric conversion element in each of the multiple pixels 
100A corresponding to the same color is stored in the corre 
sponding one of the multiple analog memories (signal storing 
circuits) coupled to the same vertical signal line 120. 

According to such the configuration of the solid-state 
image pickup device, it is possible to prevent a variation 
between pixel signals corresponding to the same color, which 
occurs in the step of reading the pixel signals. Accordingly, it 
is possible to prevent longitudinal stripes from being included 
in an image formed by the read pixel signals. With respect 
particularly to the color of green (Gr, Gb) to which the human 
eyes have higher sensitivity than to the other colors, it is 
possible to prevent a variation between pixel signals corre 
sponding to the same color, which occurs in the step of read 
ing the pixel signals, and to prevent longitudinal stripes from 
being included in an image formed by the read pixel signals. 

Additionally, some circuit elements are shared by multiple 
pixels, thereby enabling a reduction in chip area compared to 
in a case where no circuit element is shared by multiple pixels. 
Further, the first amplifier transistor 240 and the current 
source 280 are shared by the multiple pixels, thereby reducing 
the number of current sources which simultaneously operate. 
For this reason, it is possible to reduce voltage drop of the 
power Voltage which is caused by multiple current sources 
operating simultaneously, an increase in GND Voltage, and 
the like. 

Moreover, it is possible to increase the areas of the photo 
electric conversion elements on the first substrate 20, com 
pared to a case where all circuit elements constituting pixels 
are arranged on one Substrate, thereby enhancing the sensi 
tivity. Further, by use of the analog memories, it is possible to 
reduce the area of the region for storing signal charge, on the 
second substrate 21. 

Additionally, the analog memories 231, 232,233, and 234 
are provided, thereby reducing deterioration of the signal 
quality. Particularly, the capacitance value of the analog 
memory is set to be greater than the capacitance value of the 
charge retention unit (for example, the capacitance value of 
the analog memory is set to be five times or more the capaci 
tance value of the charge retention unit). Thereby, the signal 
charge stored in the analog memory is larger than the signal 
charge stored in the charge retention unit. For this reason, it is 
possible to reduce the effect of the deterioration of the signal 
quality due to leak current from the analog memory. 

Further, the clamp capacitor 260 and the second transfer 
transistors 271, 272, 273, and 274 are provided, thereby 
reducing the effect of the noises occurring in the first substrate 
20. The noises generated in the first substrate 20 include: 
noise (such as reset noise) generated in the input unit of the 
first amplifier transistor 240, which results from operation of 
a circuit coupled to the first amplifier transistor 240 (such as 
the first reset transistor 220); noise (such as noise resulting 
from a variation in circuit threshold of the first amplifier 
transistor 240) resulting from the operational property of the 
first amplifier transistor 240; and the like. 

Moreover, the signal at the time of resetting the analog 
memories 231, 232,233, and 234, and the signal according to 
the change in the outputs of the first amplifier transistor 240 
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which is caused by the signal charge being transferred from 
the photoelectric conversion elements 201, 202, 203, and 204 
to the charge retention unit 230, are output by time division 
from the pixel 100B. Then, the process of calculating the 
difference between those signals is performed outside the 
pixel 100B, thereby reducing noises generated in the second 
substrate 21. The noises generated in the second substrate 21 
include noise (such as reset noise) generated in the input units 
of the second amplifier transistors 241, 242, 243, and 244, 
which results from operations of circuits coupled to the sec 
ond amplifier transistors 241, 242, 243, and 244 (such as the 
second reset transistors 241, 242, 243, and 244), and the like. 

Second Embodiment 

Similar to the digital camera 10 according to the first 
embodiment, a digital camera as an example of an image 
pickup device, to which a solid-state image pickup device 
according to a second embodiment of the present invention is 
applied, includes: the lens unit 1; the lens control device 2; a 
solid-state image pickup device 3'; the drive circuit 4; the 
memory 5; the signal processing circuit 6; the recording 
device 7; the control device 8; and the display device 9. 
However, the second embodiment differs from the first 
embodiment only in a configuration of the Solid-state image 
pickup device 3'. Therefore, only the Solid-state image pickup 
device 3' is explained. Regarding the solid-state image pickup 
device 3', like reference numerals denote like elements 
between the first and second embodiments, and explanations 
of the same elements as those of the first embodiment are 
omitted here. 

FIG. 10 illustrates a configuration of the solid-state image 
pickup device 3' in the second substrate 21. Regarding the 
configuration of the Solid-state image pickup device 3 of the 
first embodiment shown in FIG. 4, the pixels 100B corre 
sponding to R and the pixels 100B corresponding to B are 
arranged in odd-numbered columns. Further, the pixels 100B 
corresponding to Grand the pixels 100B corresponding to Gb 
are arranged in even-numbered columns. 
On the other hand, regarding the configuration of the Solid 

state image pickup device 3' of the second embodiment 
shown in FIG. 10, the pixels 100B corresponding to B are 
arranged in the first column. The pixels 100B corresponding 
to Grare arranged in the second column. The pixels 100B 
corresponding to R are arranged in the third column. The 
pixels 100B corresponding to Grare arranged in the fourth 
column. 

Additionally, regarding the configuration of the Solid-state 
image pickup device 3 of the first embodiment shown in FIG. 
4, the column processing circuits 350 provided respectively 
for odd-numbered columns are coupled to the output channel 
430 (the horizontal signal line, the output signal line). Further, 
the column processing circuits 350 provided respectively for 
even-numbered columns are coupled to the output channel 
440 (the horizontal signal line, the output signal line). More 
over, the output amplifier 410 is coupled to the output channel 
430, and the output amplifier 420 is coupled to the output 
channel 440. 
On the other hand, regarding configuration of the Solid 

state image pickup device 3' of the second embodiment 
shown in FIG. 10, the output channel 440 and the output 
amplifier 420 are not included. Further, the output channel 
430 (a horizontal signal line, an output signal line) is coupled 
to the column processing circuits 350 provided respectively 
for the columns, and the output amplifier 410 is coupled to the 
output channel 430. 
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In the second embodiment, similar to the first embodiment, 

the multiple pixels 100A share one coupler 250, and the 
multiple pixels 100B share one coupler 250. Additionally, the 
multiple pixels 100A sharing the one coupler 250 are grouped 
into one group. The multiple pixels 100B sharing the one 
coupler 250 are grouped into one group. FIG. 11A illustrates 
groups of the pixels 100A and FIG. 11B illustrates groups of 
the pixels 100B. FIG. 11A shows arrangement of only a part 
of the pixels 100A included in the pixel unit 200A. FIG. 5B 
shows arrangement of only a part of the pixels 100B included 
in the pixel unit 200B. However, arrangement of the remain 
ing pixels 100A and arrangement of the remaining pixels 
100B are similar to those shown in FIGS. 11A and 11B. 
As shown in FIG. 11A, on the first substrate 20, the four 

pixels 100A arranged in one row and four columns share one 
coupler 250. Specifically, regarding the arrangement shown 
in FIG. 11A, the pixels 100A-1 and 100A-3 corresponding to 
B which are arranged in the first row and the first and third 
columns, and the pixels 100A-2 and 100A-4 corresponding to 
Gb which are arranged in the first row and the second and 
fourth columns, share the coupler 250-1. Those four pixels 
100A-1, 100A-2,100A-3, and 100A-4 constitute a group G1. 
Additionally, regarding the arrangement shown in FIG. 11A, 
the two pixels 100A corresponding to Gr which are arranged 
in the second row and the first and third columns, and the two 
pixels 100A corresponding to R which are arranged in the 
second row and the second and fourth columns, share the 
coupler 250-2. Those four pixels 100A constitute a group G2. 

Further, regarding the arrangement shown in FIG. 11A, the 
two pixels 100A corresponding to B which arearranged in the 
third row and the first and third columns, and the two pixels 
100A corresponding to Gb which are arranged in the third 
row and the second and fourth columns, share the coupler 
250-3. Those four pixels 100A constitute a group G3. More 
over, regarding the arrangement shown in FIG. 11A, the two 
pixels 100A corresponding to Gr which are arranged in the 
fourth row and the first and third columns, and the two pixels 
100A corresponding to R which are arranged in the fourth 
row and the second and fourth columns, share the coupler 
250-4. Those four pixels 100A constitute a group G4. 
As shown in FIG. 11B, on the second substrate 21, the four 

pixels 100B arranged in two row and two columns share one 
coupler 250. Specifically, regarding the arrangement shown 
in FIG. 11B, the pixels 100B-1 and 100B-3 corresponding to 
B which are arranged in the first and second rows and the first 
column, and the pixels 100B-2 and 100B-4 corresponding to 
Gb which are arranged in the first and second rows and the 
second column, share the coupler 250-1. Those four pixels 
100B-1, 100B-2,100B-3, and 100B-4 constitute a group G1'. 
Additionally, regarding the arrangement shown in FIG. 11B, 
the two pixels 100B corresponding to R which are arranged in 
the first and second rows and the third column, and the two 
pixels 100B corresponding to Gr which are arranged in the 
first and second rows and the fourth column, share the coupler 
250-2. Those four pixels 100B constitute a group G2'. 

Further, regarding the arrangement shown in FIG. 11B, the 
two pixels 100B corresponding to B which arearranged in the 
third and fourth rows and the first column, and the two pixels 
100B corresponding to Gb which arearranged in the third and 
fourth rows and the second column, share the coupler 250-3. 
Those four pixels 100B constitute a group G3'. Moreover, 
regarding the arrangement shown in FIG. 11B, the two pixels 
100B corresponding to R which are arranged in the third and 
fourth rows and the third column, and the two pixels 100B 
corresponding to Grwhich are arranged in the third and fourth 
rows and the fourth column, share the coupler 250-4. Those 
four pixels 100A constitute a group G4'. 
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As explained above, the arrangements of the couplers 250 
and the groups are determined so that the total sixteen pixels 
in the four groups on the first substrate 20 respectively cor 
respond to the total sixteen pixels in the four groups on the 
second substrate 21. 
The pixels 100A in the group G1 correspond respectively 

to the pixels 100B in the group G1'. In other words, signal 
charge generated by the pixel 100A in the group G1 is input to 
and stored in the corresponding pixel 100B in group G1 via 
the coupler 250-1. Additionally, the pixels 100A in the group 
G2 correspond respectively to the pixels 100B in the group 
G2'. In other words, signal charge generated by the pixel 
100A in the group G2 is input to and stored in the correspond 
ing pixel 100B in group G2" via the coupler 250-2. 
The pixels 100A in the group G3 correspond respectively 

to the pixels 100B in the group G1'. In other words, signal 
charge generated by the pixel 100A in the group G3 is input to 
and stored in the corresponding pixel 100B in group G1 via 
the coupler 250-3. Additionally, the pixels 100A in the group 
G4 correspond respectively to the pixels 100B in the group 
G4'. In other words, signal charge generated by the pixel 
100A in the group G4 is input to and stored in the correspond 
ing pixel 100B in group G4' via the coupler 250-4. 
The vertical scanning circuits 300A and 300B correspond 

the pixels 100A in the group G1 respectively to the pixels 
100B in the group G1'. The vertical scanning circuits 300A 
and 300B correspond the pixels 100A in the group G2 respec 
tively to the pixels 100B in the group G2'. The vertical scan 
ning circuits 300A and 300B correspond the pixels 100A in 
the group G3 respectively to the pixels 100B in the group G3'. 
The vertical scanning circuits 300A and 300B correspond the 
pixels 100A in the group G4 respectively to the pixels 100B in 
the group G4'. The vertical scanning circuits 300A and 300B 
generate control signals that control the pixels 100A and 
100B, and output the control signals to the pixels 100A and 
100B via the signal lines 110A and 110B. 

Configurations of the pixels 100A and 100B are the same 
as those of the first embodiment shown in FIG. 6, and there 
fore explanations thereof are omitted here. As explained 
above, however, the pixel 100B, in which the second reset 
transistor 221 and the select transistor 291 are arranged, cor 
responds to the pixel 100B-1 shown in FIG. 11B. Addition 
ally, the pixel 100B, in which the second reset transistor 222 
and the select transistor 292 are arranged, corresponds to the 
pixel 100B-2 shown in FIG. 11B. Further, the pixel 100B-1 
and the pixel 100B-2 are arranged in the same row. Moreover, 
operations of the second reset transistors 221 and 222 are 
simultaneously performed in the period for reading signals, as 
will be explained later. For this reasons, the reset pulse 
dRST2-1 may be supplied to both the second reset transistors 
221 and 222. Additionally, operations of the select transistors 
291 and 292 are simultaneously performed in the period for 
reading signals, as will be explained later. For this reasons, the 
select pulse dbSEL1 may be supplied to both the select tran 
sistors 291 and 292. 

FIG. 12 illustrates a configuration of circuits disposed 
between the pixels 100B arranged on the second substrate 21, 
with respect only to the pixels 100B in the groups G1' and G3' 
shown in FIG. 11B. Averaging transistors 275 and 276 are 
arranged on the second Substrate 21. The averaging transis 
tors 275 and 276 perform an averaging process of averaging 
signal charge Stored in the multiple analog memories in the 
pixel 100B. 
One of a source terminal and a drain terminal of the aver 

aging transistor 275 is coupled to one terminal of each of the 
analog memories 231 and 233 in the pixel 100B in the group 
G1'. The other one of the source terminal and the drainter 
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minal of the averaging transistor 275 is coupled to one termi 
nal of each of the analog memories 231 and 233 in the pixel 
100B in the group G3'. Although not shown, one terminal of 
each of the analog memories 231 and 233 is coupled to the 
Source terminal of the corresponding one of the second trans 
fer transistors 271 and 273. A gate terminal of the averaging 
transistor 275 is coupled to the vertical scanning circuit 300B, 
and is supplied with an averaging pulse dMIX. 
One of a source terminal and a drain terminal of the aver 

aging transistor 276 is coupled to one terminal of each of the 
analog memories 232 and 234 in the pixel 100B in the group 
G1'. The other one of the source terminal and the drainter 
minal of the averaging transistor 276 is coupled to one termi 
nal of each of the analog memories 232 and 234 in the pixel 
100B in the group G3'. Although not shown, one terminal of 
each of the analog memories 232 and 234 is coupled to the 
Source terminal of the corresponding one of the second trans 
fer transistors 272 and 274. A gate terminal of the averaging 
transistor 276 is coupled to the vertical scanning circuit 300B, 
and is supplied with an averaging pulse dMIX. 
The averaging transistor 275 averages the signal charge 

stored in each of the analog memories 231 and 233 in the 
group G1' and the signal charge stored in each of the analog 
memories 231 and 233 in the group G3'. In other words, the 
averaging transistor 275 averages the signal charge stored in 
each of the analog memories in the four pixels 100B corre 
sponding to B which are arranged in the same column. The 
averaging transistor 275 is on/off controlled by the select 
pulse dbMIX supplied from the vertical scanning circuit 
3OOB. 
The averaging transistor 276 averages the signal charge 

stored in each of the analog memories 232 and 234 in the 
group G1' and the signal charge stored in each of the analog 
memories 232 and 234 in the group G3'. In other words, the 
averaging transistor 276 averages the signal charge stored in 
each of the analog memories in the four pixels 100B corre 
sponding to Gb which are arranged in the same column. The 
averaging transistor 276 is on/off controlled by the select 
pulse dbMIX supplied from the vertical scanning circuit 
3OOB. 

Similarly, an averaging transistor that averages the signal 
charge stored in each of the analog memories 231 and 233 in 
the group G2' and the signal charge stored in each of the 
analog memories 231 and 233 in the group G4', and an aver 
aging transistor that averages the signal charge stored in each 
of the analog memories 232 and 234 in the group G2' and the 
signal charge stored in each of the analog memories 232 and 
234 in the group G4', are arranged. 

Hereinafter, operations of the pixels 100A and 100B are 
explained with reference to FIG. 13. FIG. 13 illustrates con 
trol signals supplied from the vertical scanning circuits 300A 
and 300B to the pixels 100A and 100B in units of rows. Here, 
the four pixels 100A in the same group, which respectively 
include the first transfer transistors 211, 212, 213, and 214 
supplied with the transfer pulses dTX1-1, dTX1-2, dTX1 
3, and dTX1-4, are arranged in the same row and different 
columns. For this reason, the four transfer pulses dTX1-1, 
dTX1-2, dTX1-3, and dTX1-4 are supplied from the verti 
cal scanning circuit 300A with respect to the same row. Here 
inafter, operations are explained with respect to the group of 
the four pixels 100A and the group of the four pixels 100B, 
which are shown in FIGS. 11A and 11B. Here, operations 
from the period T1 to period T4 are the same as those of the 
first embodiment. Therefore, only operation in the period T5 
and operation in the period T6 are explained. 
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Operation in Period T5) 
Firstly, the averaging pulse dbMIX changes from "L' level 

to “H” level, thereby turning on the averaging transistors 275 
and 276. Thus, the voltage of the one terminal of each of the 
analog memories 231 and 233 becomes identical, and the 
Voltage of the one terminal of each of the analog memories 
232 and 234 becomes identical. Thus, the signal charge stored 
in each of the analog memories is averaged. This operation 
ends by the averaging pulse dbMIX changing from “H” level 
to the 'L' level. 
Operation in Period T6 
In the period T6, signals based on the signal charge stored 

in the analog memories 231 and 232 in the two pixels 100B 
arranged in the same row are simultaneously read. Firstly, the 
select pulses dSEL1 and dSEL2 change from “L’ level to 
“H” level, thereby turning on the select transistors 291 and 
292. Thus, signals based on the voltage Vmem shown in 
equation (1) are output to the vertical signal lines 120 via the 
select transistors 291 and 292. 

Then, the reset pulses dRST2-1 and dRST2-2 change 
from "L' level to “H” level, thereby turning on the second 
reset transistors 221 and 222. Thus, the analog memories 231 
and 232 are reset, a signal based on the Voltage of the one 
terminal of each of the analog memories 231 and 232 at the 
time of the resetting is output to the vertical signal line 120 via 
the corresponding one of the select transistors 291 and 292. 

Subsequently, the reset pulses dRST2-1 and dRST2-2 
change from “H” level to "L' level, thereby turning on the 
second reset transistors 221 and 222. Then, the select pulses 
dSEL1 and dSEL2 change from “H” level to “L” level, 
thereby turning off the select transistors 291 and 292. 

The column processing circuit 350 generates a difference 
signal by calculating the difference between the signal based 
on the Voltage Vmem shown in equation (1) and the signal 
based on the Voltage of the one terminal of each of the analog 
memories 231 and 232 at the time of resetting the analog 
memories 231 and 232. The difference signal is a signal based 
on the difference between the voltage Vmem shown in equa 
tion (1) and the power Voltage VDD, that is, a signal based on 
the difference AVfd between the voltage of the one terminal 
of the voltage retention unit 230 immediately after the signal 
charge stored in the photoelectric conversion elements 201 
and 202 is transferred to the charge retention unit 230, and the 
voltage of the charge retention unit 230 immediately after the 
one terminal of the charge retention unit 230 is reset. Accord 
ingly, signal elements based on the signal charge stored in the 
photoelectric conversion elements 201 and 202 can be 
obtained while Suppressing noise elements caused by reset 
ting the analog memories 231 and 232 and noise elements 
caused by resetting the electric retention unit 230. 
The horizontal scanning circuit 400 inputs the signals out 

put from the column processing circuits 350, to the output 
amplifiers 410 via the output channels 430. The output ampli 
fier 410 processes the input signals and output the processed 
signals as image signals. Thus, reading of signals from the 
two pixels 100B arranged in the same row, which are two 
pixels of the four pixels 100B included in one group, ends. 
By the above operations, the pixel signal corresponding to 

B is output from the pixel 100B in the first row, which is one 
of the pixels 100B corresponding to B which are arranged in 
the first column shown in FIG. 11B. Additionally, the pixel 
signal corresponding to Gb is output from the pixel 100B in 
the first row, which is one of the pixels 100B corresponding to 
Gb which are arranged in the second column shown in FIG. 
11B. Further, the pixel signal corresponding to R is output 
from the pixel 100B in the first row, which is one of the pixels 
100B corresponding to R which are arranged in the third 
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column shown in FIG. 11B. Moreover, the pixel signal cor 
responding to Gris output from the pixel 100B in the first row, 
which is one of the pixels 100B corresponding to Gr which 
are arranged in the first column shown in FIG. 11B. Each of 
the pixel signals is the pixel signal obtained by performing the 
averaging process on the four pixels 100B adjacently 
arranged in the column direction. Accordingly, the averaged 
pixel signals are output from part of the pixels 100B obtained 
by subsampling the pixels 100B in the column direction. 

In the above operations, the averaging process is performed 
on the four pixels 100B adjacently arranged in the column 
direction. Then, signals are read from the pixels 100B at rate 
of one row every four rows. For this reason, the averaging 
process is performed on the pixels 100B in two groups adja 
cently arranged in the column direction on the second Sub 
strate 21. Then, signals are read from only the two pixels 
100B included in one of the two groups. For example, in the 
case of FIG. 11B, the groups G1' and the group G3' are 
arranged adjacently in the column direction. The averaging 
process is performed on the pixels 100B in those two groups. 
Then, signals are read from the pixels 100B-1 and 100B-2 in 
the group G1', but not from the other pixels 100B in the 
groups G1' and G3'. 

Accordingly, the operations in the periods T5 and T6 
shown in FIG. 13 are performed by the pixels 100B in the 
group G1'. However, the operation in the period T5 shown in 
FIG. 13 is performed by the pixels 100B in group G3', but the 
operation in the period T6 is not performed thereby. The 
similar applies to the groups G2' and G4'. The operations in 
the periods T5 and T6 shown in FIG. 13 are performed by the 
pixels 100B in the group G2'. However, the operation in the 
period T5 is performed by the pixels 100B in the group G4', 
and the operation in the period T6 is not performed thereby. 

In the second embodiment, similar to the first embodiment, 
the groups of the pixels 100A have the same operational 
timing regardless of the positions thereof in the vertical direc 
tion (hereinafter referred to as the vertical position). Addi 
tionally, the groups of the pixels 100B at different vertical 
positions have different operational timings in accordance 
with the respective operational periods. FIG. 14 schemati 
cally illustrates the operational timing per group in a case 
where the pixels 100A and 100B are arranged in n rows. In 
FIG. 14, positions in the vertical direction denote the vertical 
positions in the arrangement of the pixels 100A and 100B, 
that are, row positions. Additionally, positions in the horizon 
tal direction denote the time positions. FIG. 14 corresponds to 
a case where the pixels 100A and 100B are arranged in n 
rowsXn columns, which is more general arrangement. 
The reset period corresponds to the period T1 shown in 

FIG. 13. The signal transfer period corresponds to the periods 
T2, T3, and T4 shown in FIG. 13. The averaging process 
period corresponds to the period T5 shown in FIG. 13. The 
reading period corresponds to the period T6 shown in FIG. 
13. The groups of the pixels 100A have the same reset period 
and the same signal transfer period, regardless of the Vertical 
positions thereof. On the other hand, the groups of the pixels 
100B at the different vertical positions have the same signal 
transfer period, but have different averaging process periods 
and different reading periods. In the aforementioned opera 
tion, the exposure timing differs for each pixel included in the 
same group, but synchronization of the exposure can be 
achieved for the entire group. 

In the above case, the averaging process is performed on 
the four pixels adjacently arranged in the column direction. 
However, the number of pixels 100B subjected to the averag 
ing process is not limited to four. For example, the averaging 
process may be performed on two pixels 100B adjacently 
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arranged in the column direction or on eight pixels 100B 
adjacently arranged in the column direction. 
As explained above, according to the second embodiment, 

each signal (signal charge) stored in the signal storing circuit 
(analog memory) included in each of the multiple pixels 100B 
is averaged, thereby preventing moire fringes from being 
included in an image formed by each signal output from the 
pixel. Additionally, the averaging process enables a reduction 
in random noise elements included in the signal. Accordingly, 
it is possible to reduce the deterioration of image quality. 

In the second embodiment, the four pixels 100B corre 
sponding to the same color are adjacently arranged in the 
Vertical direction (column direction), and signal charge stored 
in the analog memories in those four pixels 100B is averaged. 
Thus, the signal charge stored in the pixels 100B adjacently 
arranged in the vertical direction is averaged, thereby simpli 
fying the layout of the averaging transistors 275 and 276. 
Even in a case where crosstalk occurs between the two pixels 
100B corresponding to the same color which are adjacently 
arranged in the vertical direction, it is possible to reduce 
deterioration in the image quality caused by the crosstalk, 
compared to a case where crosstalk occurs between two pix 
els 100B corresponding to different colors. 

In the second embodiment, the averaged signal is output 
from only one pixel 100B among the four pixels 100B 
arranged in the vertical direction. Thereby, the number of 
rows in the vertical direction from which signals are read 
becomes a quarter of the number of all rows in the arrange 
ment of the pixels. For this reason, it is possible to read signals 
at high speed compared to a case where signals are read from 
all the rows, thereby enabling a reduction in power consump 
tion. Additionally, for multiple groups at the same vertical 
position on the second Substrate 21, signals are read from the 
pixels 100B in the same row. Thereby, it is possible to perform 
control of reading the averaged signal in units of rows, 
thereby making it easier to perform control of reading signals. 

Additionally, some circuit elements are shared by multiple 
pixels, thereby enabling a reduction in chip area compared to 
a case where no circuit element is shared by multiple pixels. 
Further, the first amplifier transistor 240 and the current 
source 280 are shared by the multiple pixels, thereby reducing 
the number of current sources which simultaneously operate. 
For this reason, it is possible to reduce voltage drop of the 
power Voltage which is caused by multiple current sources 
operating simultaneously, an increase in GND Voltage, and 
the like. 

Moreover, it is possible to increase the area of the photo 
electric conversion element on the first substrate 20, com 
pared to a case where all circuit elements constituting pixels 
are arranged on one Substrate, thereby enhancing the sensi 
tivity. Further, by use of the analog memories, it is possible to 
reduce the area of the region for storing signal charge, on the 
second substrate 21. 

Additionally, the analog memories 231, 232,233, and 234 
are provided, thereby reducing deterioration of the signal 
quality. Particularly, the capacitance value of the analog 
memory is set to be greater than the capacitance value of the 
charge retention unit (for example, the capacitance value of 
the analog memory is set to be five times or more the capaci 
tance value of the charge retention unit). Thereby, the signal 
charge stored in the analog memory is larger than the signal 
charge stored in the charge retention unit. For this reason, it is 
possible to reduce the effect of the deterioration of the signal 
quality due to leak current of the analog memory. 

Further, the clamp capacitor 260 and the second transfer 
transistors 271, 272, 273, and 274 are provided, thereby 
reducing the effect of the noises occurring in the first substrate 
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20. The noises generated in the first substrate 20 include: 
noise (such as reset noise) generated in the input unit of the 
first amplifier transistor 240, which results from operation of 
a circuit coupled to the first amplifier transistor 240 (such as 
the first reset transistor 220); noise (such as noise resulting 
from a variation in circuit threshold of the first amplifier 
transistor 240) resulting from the operational property of the 
first amplifier transistor 240; and the like. 

Moreover, the signal at the time of resetting the analog 
memories 231, 232,233, and 234, and the signal according to 
the change in the outputs of the first amplifier transistor 240 
which is caused by the signal charge being transferred from 
the photoelectric conversion elements 201, 202, 203, and 204 
to the charge retention unit 230, are output by time division 
from the pixel 100B. Then, the process of calculating the 
difference between those signals is performed outside the 
pixel 100B, thereby reducing noises generated in the second 
substrate 21. The noises generated in the second substrate 21 
include noise (such as reset noise) generated in the input units 
of the second amplifier transistors 241, 242, 243, and 244, 
which results from operations of circuits coupled to the sec 
ond amplifier transistors 241, 242, 243, and 244 (such as the 
second reset transistors 241, 242, 243, and 244), and the like. 
A first pixel according to the present invention corresponds 

to, for example, the pixel 100A. A second pixel according to 
the present invention corresponds to, for example, the pixel 
100B. Signal storing circuits according to the present inven 
tion correspond to, for example, the analog memories 231, 
232, 233, and 234. Output circuits according to the present 
invention correspond to, for example, the select transistors 
291, 292, 293, and 294. Controllers according to the present 
invention correspond to, for example, the vertical scanning 
circuits 300A and 300B. 

Averaging circuits according to the present invention cor 
respond to, for example, the averaging transistors 275 and 
276. 

Although the embodiments of the present invention have 
been explained above with reference to the drawings, specific 
configurations are not limited the above embodiments, and 
various design modifications may be made without departing 
from the scope of the present invention. Although the con 
figuration of the Solid-state image pickup device including 
two substrates coupled by couplers has been shown in the 
above embodiments, three or more substrates may be coupled 
by couplers. In a case of a solid-state image pickup device 
including three or more substrates coupled by couplers, two 
of the three or more substrates correspond to the first substrate 
and the second Substrate. 
A program for realizing arbitrary combinations of each 

constituent element and each operational process explained 
above is also effective as an embodiment of the present inven 
tion. Such a program may be recorded in a computer-readable 
recording medium, and a computer may read and execute the 
program recorded in that recording medium to achieve the 
object of the present invention. 

Here, the “computer also includes a homepage-providing 
environment (or a display environment) if a WWW system is 
used. Additionally, the “computer-readable recording 
medium” refers to a portable medium such as a flexible disk, 
a magnetic optical disc, a ROM, and a CD-ROM, or a storage 
device such as a hard disk embedded in the computer system. 
Further, the “computer-readable recording medium also 
includes a recording medium that stores a program for a 
certain period of time, such as a volatile memory (RAM) in a 
computer system including a server and a client in a case 
where the program is transmitted via a network Such as the 
Internet or a communication line Such as a telephone line. 
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Additionally, the aforementioned program may be trans 
ferred from the computer storing that program in the storage 
device or the like, to another computer via a transmission 
medium or transmission waves in the transmission medium. 
Here, the “transmission medium' transferring the program 
means a medium having a function of transferring informa 
tion, which includes a network Such as the Internet or a 
telecommunication line (communication line) Such as a tele 
phone line. Further, the program may be a program for real 
izing part of the aforementioned functions or may be a pro 
gram capable of realizing the aforementioned functions in 
combination with a program already recorded in the com 
puter system, that is, a difference file (difference program). 

Further, a computer product for realizing arbitrary combi 
nations of each constituent element and each operational 
process explained above is also effective as an embodiment of 
the present invention. Here, the “computer product includes: 
a recording medium storing a program code (such as DVD 
mediums, hard disk mediums, and memory mediums); a 
device storing a program code (such as computer); a system 
storing a program code (such as a system including a server 
and a client terminal); and the like. In this case, each constitu 
ent element or each operational process is implemented by a 
module, and a program code including Such modules is stored 
in the computer product. 

Although the embodiments of the present invention have 
been explained above, various substituted, modified, and 
equivalent elements or processes may be used as the afore 
mentioned constituent elements and operational processes. In 
the above embodiments disclosed in the present specification, 
one component may be replaced with multiple components, 
or multiple components may be replaced with one compo 
nent, in order to execute one or more functions. Such replace 
ment is within the scope of the present invention unless Such 
replacement does not adequately work to achieve the object 
of the present invention. Accordingly, the present invention is 
not determined with reference to the above explanations, but 
should be determined by the claims. Additionally, the entire 
Scope of equivalents is included in the present invention. In 
the claims, the number of each constituent element is one or 
more unless otherwise mentioned expressly. Unless the 
expression of “a means for . . . . is expressly used in the 
claims, the claims may not be interpreted as including a 
means-plus-function limitation. 

Terms in the present specification are used only for 
explaining particular embodiments, not to limit the present 
invention. In the present specification, a term in singular form 
may not exclude interpretation of the same term in plural form 
unless such exclusion is expressly mentioned in a context. 
As used herein, the following directional terms “forward.” 

“rearward,” “above,” “downward,” “vertical,” “horizontal, 
“below,” and “transverse,” as well as any other similar direc 
tional terms refer to those directions of an apparatus equipped 
with the present invention. Accordingly, these terms, as ulti 
lized to describe the present invention should be interpreted 
relative to a device equipped with the present invention. 
The term “configured' is used to describe a component, 

section or part of a device includes hardware and/or software 
that is constructed and/or programmed to carry out the 
desired function. 
The terms of degree such as “substantially.” “about, and 

“approximately as used herein mean areasonable amount of 
deviation of the modified term such that the end result is not 
significantly changed. For example, these terms can be con 
Strued as including a deviation of at least t5 percent of the 
modified term if this deviation would not negate the meaning 
of the word it modifies. 
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In addition, while not specifically claimed in the claim 

section, the application reserves the right to include in the 
claim section at any appropriate time the following devices 
and computer program products. 
A solid-state image pickup device according to one 

embodiment of the present invention may be a solid-state 
image pickup device comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second pixels 
arranged in a matrix, each of the second pixels comprising: 

a signal storing means configured to store the color signal 
generated by the photoelectric conversion means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, 

the second pixel comprising the signal storing means con 
figured to store the color signal corresponding to the m-th 
color is the second pixel corresponding to the m-th color, and 

at least two second pixels of the second pixels correspond 
ing to the same color are arranged in the same column on the 
second Substrate. 
A solid-state image pickup device according to another 

embodiment of the present invention may be a solid-state 
image pickup device comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second pixels 
arranged in a matrix, each of the second pixels comprising: 

a signal storing means configured to store the color signal 
generated by the photoelectric conversion means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, 

the second pixel comprising the signal storing means con 
figured to store the color signal corresponding to the m-th 
color is the second pixel corresponding to the m-th color, and 

an arrangement of colors corresponding to the first pixels 
differs from an arrangement of colors corresponding to the 
second pixels. 
A Solid-state image pickup device according to another 

embodiment of the present invention may be a solid-state 
image pickup device comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising: a plurality of second pixels 



US 9,349,761 B2 
33 

arranged in a matrix; and a vertical signal line provided for 
each column, each of the second pixels comprising: 

a signal storing means coupled to the vertical signal line, 
the signal storing means being configured to store the 
color signal generated by the photoelectric conversion 
means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, and 

the color signal generated by the photoelectric conversion 
means included in one of the first pixels corresponding to the 
same color is stored in a corresponding one of the signal 
storing means coupled to the same vertical signal line. 
An image pickup device according to another embodiment 

of the present invention may be an image pickup device 
comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second pixels 
arranged in a matrix, each of the second pixels comprising: 

a signal storing means configured to store the color signal 
generated by the photoelectric conversion means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, 

the second pixel comprising the signal storing means con 
figured to store the color signal corresponding to the m-th 
color is the second pixel corresponding to the m-th color, and 

at least two second pixels of the second pixels correspond 
ing to the same color are arranged in the same column on the 
second Substrate. 
An image pickup device according to another embodiment 

of the present invention may be an image pickup device 
comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second pixels 
arranged in a matrix, each of second pixels comprising: 

a signal storing means configured to store the color signal 
generated by the photoelectric conversion means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, 

the second pixel comprising the signal storing means con 
figured to store the color signal corresponding to the m-th 
color is the second pixel corresponding to the m-th color, and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
an arrangement of colors corresponding to the first pixels 

differs from an arrangement of colors corresponding to the 
second pixels. 
An image pickup device according to another embodiment 

of the present invention may be an image pickup device 
comprising: 

a first Substrate comprising a plurality of first pixels 
arranged in a matrix, each of the first pixels comprising a 
photoelectric conversion means configured to generate a 
color signal corresponding to one of first to n-th colors where 
n is an integer equal to or greater than two; and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising: a plurality of second pixels 
arranged in a matrix; and a vertical signal line provided for 
each column, each of the second pixels comprising: 

a signal storing means coupled to the vertical signal line, 
the signal storing means being configured to store the 
color signal generated by the photoelectric conversion 
means; and 

an output means configured to output from the second pixel 
to an external unit, the color signal stored in the signal 
storing means, 

wherein the first pixel comprising the photoelectric con 
version means configured to generate the color signal corre 
sponding to an m-th color is the first pixel corresponding to 
the m-th color where m is an integer equal to one of 1 to n, and 

the color signal generated by the photoelectric conversion 
means included in one of the first pixels corresponding to the 
same color is stored in a corresponding one of the signal 
storing means coupled to the same vertical signal line. 
A computer program product according to another 

embodiment of the present invention may be a computer 
program product storing a program code that causes a com 
puter to execute: 

generating a color signal corresponding to one of first to 
n-th colors in one of a plurality of first pixels included in a first 
Substrate, where n is an integer equal to or greater than two; 

storing the color signal generated in a corresponding one of 
a plurality of second pixels arranged in the same column on a 
second substrate electrically coupled to the first substrate; and 

outputting the color stored from the second pixel to an 
external unit. 
What is claimed is: 
1. A solid-state image pickup device comprising: 
a first Substrate comprising a plurality of first pixels 

arranged in a matrix, each of the first pixels comprising 
a photoelectric conversion element configured to gener 
ate a color signal corresponding to one of first to n-th 
colors where n is an integer equal to or greater than two: 
and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second 
pixels arranged in a matrix, and each of the second pixels 
comprising: 
a signal storing circuit configured to store the color 

signal generated by the photoelectric conversion ele 
ment; and 

an output circuit configured to output from the second 
pixel to an external unit, the color signal stored in the 
signal storing circuit, wherein: 

the first pixel corresponding to a m-th color comprises the 
photoelectric conversion element configured to generate 
the color signal corresponding to the m-th color where m 
is an integer equal to one of 1 to n, 

the second pixel corresponding to the m-th color comprises 
the signal storing circuit configured to store the color 
signal corresponding to the m-th color, 
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at least two of the first pixels corresponding to the m-th 
color are arranged in the same row on the first Substrate, 

at least two of the second pixels corresponding to the at 
least two of the first pixels are arranged in the same 
column on the second Substrate, 

at least two first pixels of the first pixels corresponding to a 
predetermined color of the first to n-th colors are 
arranged in different columns on the first Substrate, 

at least two second pixels of the second pixels correspond 
ing to the predetermined color are arranged in the same 
column on the second Substrate, 

the first pixels are arranged according to a Bayer arrange 
ment of R, B. Gr, and Gb, 

the predetermined color comprises Grand Gb, 
the first pixel corresponding to Grand the first pixel cor 

responding to Gb are arranged in different columns on 
the first substrate, and 

the second pixel corresponding to Grand the second pixel 
corresponding to Gb are arranged in the same column on 
the second Substrate. 

2. The Solid-state image pickup device according to claim 
1, wherein the color signal generated by the photoelectric 
conversion element included in one of the first pixels corre 
sponding to the predetermined color is stored in the signal 
storing circuit included in a corresponding one of the second 
pixels arranged in the same column. 

3. The Solid-state image pickup device according to claim 
1, further comprising: 

a controller configured to perform control of transferring 
the color signal generated by the photoelectric conver 
sion element included in one of the first pixels corre 
sponding to the predetermined color, to the signal stor 
ing circuit included in a corresponding one of the second 
pixels arranged in the same column. 

4. The Solid-state image pickup device according to claim 
1, further comprising: 

a vertical signal line provided for each column of the sec 
ond pixels, the color signal stored in the signal storing 
circuit being output to the Vertical signal line; and 

an output channel configured to output from the solid-state 
image pickup device to an external unit, the color signal 
output to the vertical signal line. 

5. The Solid-state image pickup device according to claim 
4, further comprising: 

a plurality of output channels configured to output from the 
Solid-state image pickup device to external units, the 
color signals output to the vertical signal lines, 

wherein the color signal stored in the signal storing circuit 
in the second pixel is output to the vertical signal line 
provided for the column in which the second pixel is 
disposed, 

the color signal corresponding to the predetermined color, 
which is one of the color signals output to the vertical 
signal lines, is output to one of the output channels, and 

the color signal corresponding to a color other than the 
predetermined color, which is one of the color signals 
output to the Vertical signal lines, is output to another 
one of the output channels. 

6. The Solid-state image pickup device according to claim 
5, wherein the color signal corresponding to the predeter 
mined color comprises a G signal. 

7. The Solid-state image pickup device according to claim 
6, wherein the color signal corresponding to the color other 
than the predetermined color comprises any one of an R 
signal and a B signal. 

8. The Solid-state image pickup device according to claim 
1, wherein the first pixels corresponding to each of at least two 
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colors of the first to n-th colors belong to a first group on the 
first substrate, the at least two colors including the predeter 
mined color, 

the second pixels corresponding to each of the at least two 
colors belong to a second group on the second Substrate, 

at least two first pixels of the first pixels corresponding to 
the predetermined color and belonging to the first group 
are arranged in different columns on the first Substrate, 
and 

at least two second pixels of the second pixels correspond 
ing to the predetermined color and belonging to the 
second group are arranged in the same column on the 
second Substrate. 

9. A solid-state image pickup device comprising: 
a first Substrate comprising a plurality of first pixels 

arranged in a matrix, each of the first pixels comprising 
a photoelectric conversion element configured to gener 
ate a color signal corresponding to one of first to n-th 
colors where n is an integer equal to or greater than two: 
and 

a second substrate electrically coupled to the first substrate, 
the second Substrate comprising a plurality of second 
pixels arranged in a matrix, and each of the second pixels 
comprising: 
a signal storing circuit configured to store the color 

signal generated by the photoelectric conversion ele 
ment; and 

an output circuit configured to output from the second 
pixel to an external unit, the color signal stored in the 
signal storing circuit, wherein: 

the first pixel corresponding to a m-th color comprises the 
photoelectric conversion element configured to generate 
the color signal corresponding to the m-th color where m 
is an integer equal to one of 1 to n, 

the second pixel corresponding to the m-th color comprises 
the signal storing circuit configured to store the color 
signal corresponding to the m-th color, 

at least two of the first pixels corresponding to the m-th 
color are arranged in the same row on the first Substrate, 

at least two of the second pixels corresponding to the at 
least two of the first pixels are arranged in the same 
column on the second Substrate, 

at least two first pixels of the first pixels corresponding to a 
predetermined color of the first to n-th colors are 
arranged in different columns on the first Substrate, 

at least two second pixels of the second pixels correspond 
ing to the predetermined color are arranged in the same 
column on the second Substrate, 

the first pixels are arranged according to a Bayer arrange 
ment of R, B. Gr, and Gb, 

the predetermined color comprises Grand Gb, 
two first pixels of the first pixels corresponding to B and 

two first pixels of the first pixels corresponding to Gr 
belong to a first group on the first Substrate, 

two first pixels of the first pixels corresponding to R and 
two first pixels of the first pixels corresponding to Gb 
belong to a second group on the first Substrate, 

two second pixels of the second pixels corresponding to B 
and two second pixels of the second pixels correspond 
ing to R belong to a third group on the second Substrate, 

two second pixels of the second pixels corresponding to Gr 
and two second pixels of the second pixels correspond 
ing to Gb belong to a fourth group on the second Sub 
Strate, 

the two first pixels corresponding to Grand belonging to 
the first group and the two second pixels corresponding 
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to Gb and belonging to the second group are arranged in 
different columns on the first substrate, and 

the two second pixels corresponding to Grand belonging to 
the fourth group and the two second pixels correspond 
ing to Gb and belonging to the fourth group are arranged 
in the same column on the second substrate. 

10. The solid-state image pickup device according to claim 
9, wherein the two second pixels corresponding to B and 
belonging to the third group and the two second pixels cor 
responding to R and belonging to the third group are arrange 
in the same column on the second substrate. 

11. A solid-state image pickup device comprising: 
a first substrate comprising a plurality of first pixels 

arranged in a matrix, each of the first pixels comprising 
a photoelectric conversion element configured to gener 
ate a color signal corresponding to one of first to n-th 
colors where n is an integer equal to or greater than two: 

a second substrate electrically coupled to the first substrate, 
the second substrate comprising a plurality of second 
pixels arranged in a matrix, and each of the second pixels 
comprising a signal storing circuit configured to store 
the color signal generated by the photoelectric conver 
sion element; 

an averaging circuit configured to average each of the color 
signals stored in the signal storing circuits included in at 
least two second pixels of the second pixels arranged in 
the same column; and 

an output circuit configured to output each of the color 
signals averaged from the second pixel to an external 
unit, wherein: 

the first pixel corresponding to a m-th color comprises the 
photoelectric conversion element configured to generate 
the color signal corresponding to them-th color where m 
is an integer equal to one of 1 to n, 

the second pixel corresponding to the m-th color comprises 
the signal storing circuit configured to store the color 
signal corresponding to the m-th color, 

at least two of the first pixels corresponding to the m-th 
color are arranged in the same row on the first substrate, 
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at least two of the second pixels corresponding to the at 

least two of the first pixels are arranged in the same 
column on the second substrate, 

the averaging circuit is configured to average each of the 
color signals stored in the signal storing circuits of at 
least two second pixels of the second pixels correspond 
ing to the same color, the at least two second pixels being 
arranged in the same column, 

the first pixels are grouped into a plurality of first groups, 
one of the first groups includes at least two first pixels of the 

first pixels, 
the second pixels are grouped into a plurality of second 

groups respectively corresponding to the plurality of 
first groups, 

one of the second groups includes at least two second 
pixels of the second pixels, 

at least two first pixels of the first pixels belonging to the 
one of the first groups and corresponding to a predeter 
mined color of the first to n-th colors are arranged in 
different columns, 

at least two second pixels of the second pixels belonging to 
the second groups and corresponding to the predeter 
mined color are arranged in the same column, 

the averaging circuit is configured to average each of the 
color signals stored in the signal storing circuits 
included in the at least two second pixels corresponding 
to the predetermined color and arranged in the same 
column, 

the averaging circuit is configured to average each of the 
color signals stored in the signal storing circuits at dif 
ferent timings for each of the second groups. 

12. The solid-state image pickup device according to claim 
11, wherein the at least two second pixels corresponding to 
the predetermined color are adjacently arranged in the same 
column. 

13. The solid-state image pickup device according to claim 
11, wherein the output circuit is configured to output the color 
signal averaged, from a part of the second pixels obtained by 
Subsampling the second pixels in a column direction. 
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